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Influence of Xilro-jfnnijis on the He- 
SubsMuents in the licnu'ne Nucleus. 

By James Keskeu, 

,s„a.ii the enliani'eit reaetivily ..| siiWtiltionts ii, 

relatively to a nitro^rmi,, has tw„ „ fa„„liar 
It waa first observe.! by Pisiini iu the ,;,se of ,,ieryl 
l;.i, { t .mitni, 1854, 92, S'.'fi), litlle jKsijjlit a|i|iears to have 
^ into the nature ol the |iroee.sse5 whieh re.sult in the 
(,j.ynifiit of auch substituents by others, 

y., activating'’ influenee of the nitro e|o,i]i is in ilire.-l cun- 
„ili Its retarding, and at times inhibitive, elTeet on other 
Whilst, however, the nitroerotip shares its power of 
^ . iuudraiir* with other substituents of large molecular volume, 
,tt»i'eetive of whether they are met.-i- or ortho- and para- 
this is not the case where the opposite elTect i.s concerned, 
only meUdirectivc gr.uipings can remler suhstitiieriU 
..rtiiopM.sition mobile; for instance, Schiipfi and his puiula 
I„,; that the carbu.xy-, nldehydo-, snlplnmic. and cyano gruujia 
, .i.f.rrcd mobility on a bromine atom in the mtlio- or tiara- 

,, „ i/Jrr, 1889,_22, 9lH), iiosi; l.v'Jll, 23, :!|.|i), 31 !,',. IHfit); 
S: 24 , iliil, 3iS5, 3S08). The jire.sence <if a nitrogroup waa 
i-sviiiial, hut its inllneime was much more powerful than that 
c- Iiilicr groujis named, and at least two of the.se, as ctinipareil 
1 ' , ntiele nitro grouii in the ortho- or para posit ion (compare 
r:i h' llruyn, /fee. Iror. Mm., 1891, 13, mi), r,,,,„ire,l 
'-r a substituent mobile, Ortho-para-directive substituents 
y.c !i"Ucvcr, to increase the mobility of substituents in tlio 
ti ;. -1111111 in some cases. Thus l,aula.nheimer showed that, 
ill.' conversion of o-dinitrobenzene into «-nitruaniline by 
I . if alctiholit ammonia reipiires ten weeks at tho ordinary 
i ■r.mre tor its completion, the corresponding reaction in tho 
> : M hlurol iL’ dinitrobenzenc i.s complete within five days, and 
I'- ihe fornialion of 5-chloro-'J-nitroanilino tlhr 1871! 9 
:• 115G). 

' ■ irlv, Tiemanii found that o-chloro-/niitrohenzaldeliyile is 
1/ 1 uvi-rted into ochloro-/eanis.aldehyde. by the, action of 
iwlhnvide, /r-riitrobenzaldehyde Ireiiig stable in these circuin- 
ic’ilor.. 1891, 24, 709). Attention h.i.s apparently not been 
' eiv ihrecled to this phase of the problem, and it is therefore 
.-^sit imt poiisible to indicate how far this influence, of tho 
** general, or shared by other ortho-para-.lirectivo 
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The evidetce »» it eUnd*, however, eugpwU a t!.^ 
between the phenomena at preaent under diwusaioi, i. , 
directive subetitution ; and, indeed, the various fad, 
ated find a ready explanation in terms of the views j.i, , , 
Klilracheiin {J. pr. Chem., 1902, [ii], 66, 321; 1905, 71 
76, 165, 185; T., 1909, 96, 718; 1910, 97, 84), Thu, , 
from the diagram that a nitro^group in the ortho- or j ,, 
and a chlorine atom in the meta-lroaition, each weah.!, ij,, 
ment of the aubslitueiit X to the nucleus, reii'l-rj , . 
mobile : 

X X 


'n/' ^ 


I 

/\ 

I I 









and that their influence is cumulative. C'(invcrs. !y, u „ ; 
expected that the cfleet of, for instance, a nitregruu[] iu n , 
position, or a chlorine atom in the ortho- or |iara pi siti, i, , ,, 
tie a detrimental one. Quantitative experiments mi ih,- . ^ 

of such reactions are therefore desirable, in onliT t.. , 

whether these influences exist, aud, if so, whether tin y ar- ; 
with those observed, for e-xample, by Slaiidinver and Kini.l 
1912, 384, 38), which are also capable of interpe t.it;. ■„ 
light of FlUrscheim's views. 

It must be remarked, however, that the attiuliinrr.t : ; 
nitro-group to the Irenseue nucleus has been freiniinlly 
be a comparatively strong one. Thus Kaufinann ( In- .tj 
chrome," Stuttgart, 1909, p. 76) refers to the aliiili.ili.: i,:,-. 
the iiitro-compouuds, as illustrated by the reactivity cl it- i 
iiitru-coiupuunds, and later (p. 93) attributes the i- rn . . , 
nitrobenzene : 


CN=0"- 

Aux 

\ 

Nil 

1) 

/\ 

1 1 

; 

/\_.. 

■ 1 I 


k/‘ 

1 1 

\/ 
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(I.) 

(li.) 

j 

(Il'M 


The ailoptioii of this formula, preceded as it is I pp. t". ' 
formula; II and III for benzene with the "ideal auvci.: 
a substituent, aud for aniline, involves certain diih im ■ ' 

Kaufmanii is at once driven to attribute sometliiiig in i ' 
of au amphoteric character to the pheuyl residue, nn i ic -«4 
“dass die Absiittigung der Partialvaleiizen bei .\ntMUS ' 
polar zu der bei Auxochromeu statthat." Further, it o ! ■ 
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IjkfTI'UJ 


tin 


of reutfu^ affinity on the ortiio- and para-carbon 
^ ^ r*?******®^ *‘y KaufmiuD. would tond to promote the 

in orth®" para positioiw which actually takes 
^ If then, Kaufmann’s formula for nitroWnwne be accepted, 
r^ouoo tnighf- be expected to take the same course in tliis caae, 
is not ao. The atrongeet evidence iu favour of Kaiifiuanu's 
r roUbly supplied by the work of Meisenheiiner (dri«o/f'/i, 
K 3J3, 222; 1007, 3fi6, 249), who exaniiiml very thoroughly 
of potassium niethoxide on various iiitro-conipuiunls, and 
ilia reenlfn ia terms of Thiele’s theory of partial valencies, 

<• the same assumption in regard to the nitro group as that 
Kaufmann. It will, however, be suggested tlmt these 
Juarc not irreconcilable with the opposite point of view, Nor 
Eiufiiun" * formula, in the author's opinion, a nceesitiii v conse 
V. ci Tiliele’s theory, which is based on a conception of the 
nf the double bond uniting two atoms of the same element. 

I tiouhle bond counecU two different elements, it is cuiiceiv 
■.f [j.,t one of these, that of greater residual aflinity, nmy claim 
of tlie available affinity of the other. Tliis is ospeeially m 
the nitro-group, where (he single nitrogen atom is 
ii(hel to two oxygen atoms, and if such were actnally the case, 
s farmiiia wouhl represent nitrolieiizem* more accnrately. 
cUifr Werner’s explanation of the activity and imutia of llm 
i;«tive halogen atoms in tripheiiylmethyl hromiiloainl triheiizoy). 
.r;. methane {liff., 1906, 39, 1282), symlwliso^l by the. ft)rmii];i:: 

^arilo loud support to the following formula for brom(tirinitro- 
^aIl^ the bromine atom of wliich is also inert (Moi.st'iilieiincr 
sliwiiri, (/fcr., 1906, 39, 2544); 

■ eviihnce supplied by these consitlerations is therefore also in 
.:f -i Flurscheim'a views, 

!;;<• {Jlywiiig instance appears to show that the activating infill- 
t .i uitro-groups may act through a chain of atoms, wliicli <io 
. iu tonu jiart of an aromatic nucleus. Wliilsl o liydrazino- 
a iit id only passes over into 3 kcto-1 ;3-diiiydroiii(lazole when 
» alone to 220 — 230° or with Imiliiig phosplioryl clilmido 
.FiMtmr, Ihr., 1880, 13, 681; E. Fischer ami HeiilTert, if-e/., 
• 34, 795], methyl 3 :5-diiiitro-2'hy(lraziiiobeiizoate cannot 1)C 
iis a product of the interaction of methyl 1 chhjro-3 ;5 di- 
-vnitMte and hydrazine hydrate, but is iminediately cmiverU‘<l 
'j :'S-{ifhydroiudozoff’. Tlie following scheme 

** dfst this reaction is also in accordance with llio views just 
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Nu sa 

o,n/ o, 

Nu. 

It might, liowever, be objected that, wliereaa Fiiirsi,.; ^ 
apiilied ilia viewa to exiilain the replacement of a hydi 
the mela-|«]8ition with ces|)ect to a iiitro-groujj, tiity ,,,, 
employwl to explain the replacement of aubatituenta ns . 
or para-p(«itiona. Thia conaiclcration is of gre.it i;;,}- 
Itecauao it allows that, whatever the nature of the suK;,., 
proceaaca iiivolv&l in the two cases may la*, tliey luuat he i-w. .; ^ 
(lillfiient in character. Such a conclnsion is sup|i(irt>*.l l.y i 
that the ateric himlrance of the negative groups in lb.* mi; 
tiou is to a large extent, although not completely, i.-.er. „ 

tliat tiie iiitro-group, which is the substituent inoit e!!..; ,, 
exerting this himlrance, is also the most elTectivc in pr n. 1 1. 1 
comlensatioiia of the typo under consiileration. It senn.s 
the activating group is itself concerned in the reiuti..iii, b a* 
of the increasing favour with which the addition theory ni li,. , 
reaction is now received, ami of the fact that the nitr-,:: . 
csjiccially prone to take part in the production o: mohi : 
pounds, it seems natural to assume that the fnrin.iiio!. * • 
a coinpouiul is the first step in the process at iirevnl m;-: - 
cussion ; and, indeed, when an aromatic amine, far ex.iiii]..'. 
witli an active chloronitroa!Oin]>ound in alcoliolic soliilioii, .c: .r.'-. 
coloration is at once produced wliicli ilillers from Unit in j .m 
alcoliol by the final condensation product, and is pi hat.. ' i 
attributed to the formation of an additive coiiiiiuiiiid. T: . u 
gestioii is not a novel one, and appears to liavc Iktii r . J 
made by Bamberger (Hit., ISW, 33, 10‘d), wlni, liinvcur. • i:: *i 
no opinion as to tbe nature of the process by wliicli tin: ino n ■ J 
product passed over into llie final coiidensatiim pririmn i>*l 
berger actually isolated a molecular compound of pnry? ’ ^ 
and o-naphthylamine, from which picryl-a-iiaplitliyluniii'* »*>‘‘* 
formed; whilst Sudborough and Pictoii isolated siiiiilir ** J 
compounds of 4 ; 6-dicliloro-l : S dinitrobeuzene ami of - ' ' ^ 

1 : 3 ; 5 -tciiiitrobeii 2 eue, each with one molecular proiwrii'ii ^*1 
fl-naphthylamine (T.. 1906, 89, 683). Sudborough suJ 1^^ 


NH— 

I ''U 


> 


\/ 




OMe 
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the following scheme to explain the niechniiism of tJia 
^rtlInpsre also Richter, llrr., 1875, 8, 1119): 


Cl 





V : 


o,ir^ 

NO, 


,0 


\)11 




\N 0 . 


NO, 


L Borsclie has recently (Annnhn, 1911, 386, SriCi' 1919 409 

\r..* 1 ..: -I • » ’ 


j ffoiiwre also Meisenheimer, i7,iV/.. I<Hn>, 323, JIS) «,lvocnle<l’ 
^ expression of the reaction between 1 cliloro 1 

j.f.,bfiiiciie and ethyl sodioinalniiate * : 


"^0 


Cl cii(a),Ki), 
o 

Nf’' 


NO, 


NO, 


'^ONa 


l'H(('0,,i;t), 

'^NO, 


NO, 


* • 8 
.|,...rili (P, 1903, 19, 123; compare Meisenheimer ami I’iilaig, 
15 <jC. 30, 253; I/jbry de llruyn, /.Vc. lr„r. rhim., 1901, 23,' 
: Bitewted the formation of the same type of iiiteniu'diate 
.-.imt, as a result of the pas,saj;e of the siihstiluling radicle from 
s a In a position (T., 1S98, 73, lla) : 

Hr Oil 

■i 


so. 


•n 


OH 

l-^o 


Oil 
' ;NO, 


\/ 


\/ \,/ 

.i bvious that the whole tpiestion de|iemls on lhat of the con- 
,;5iinn (if the molecular rompouiids first furmeil. The fact that 
' I Sllidilorol ij.linitrobcnreiie riirnislies Set clliyl 5-diloro 2 : t iliiiilro. 
■inmioa.lr, i.Dly reacting with a funher iimlecohr i.roiinition of ell,,! »n,|io. 
.ilh inach grcilrr diflinilly, ninl 0,1, „ne,„al ,„i.|i,.i,y 
a: uprmitnUl proof” of Kekulc’s bflizcno fotmula, m against 'riiiclc's or the 
in- (ennnk It ippeara oicfcdiiigly douhlful whether this cvi.kncci is as 
w\(u lhat affonlcJ by the work of MarckwaM {Amnkn, 1891, 279, fi), for it 
Wfy .Mrincing that evidence, which is inlecprclcd will, the assistance of 
I i,;»ry of Jwrtial rairndea, aliould lie used to diaprovo a formula whicli 
”1 " 0 . an aiiplicatioli of Ihis theory to KekiiK'a formula, 
cik'f, it may he remarkril that the fomiiila of etliyl sodiomalonalo used hy 
*-• a Oot the one generally adoptoJ. and to thia extent i.is choice of an 
inora for his theory ia not a happy one, 

e chlorine atom in tiio coinpoiinil iiiiilcr diacuf-sion 

c ' , S . '* '* •» account for the fact lhat Ullraann'a 

sir ^ct'vativea hy heating the lialoid hensem s with copp'r (mwiler 

‘Ij la e to chloro-compoands when they contain nitro-^ffoups itt the 
ptri-poiition to the halogen atom {Ullmaun and Uielccki, Her., 1907, 34, 
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tetranitromethane and cXbet aliphatic nita'O-derivatiM^ , 
■ueh compunda (Wernsr, Ber., 1909, 42, 4328) 
decisTe avidence against a formula of the tjpe pxt ^ 
Sudborongb and Picton, and bj Botsch*, whilst Iaip« „rth i 
supplies no explanation of the intense colour phenotiK'iji 
The formula (IV) suggested by Werner (loc. eil.) a 




,0 

0-NHB, 


(IV.) 


I i )« 

\/;nh, 

(V.) 


It \ 


closely related to that (V) ailopted by Hanltsch (.,f i|„ 
anilines (/ler., 1910, 43, 1669), and is in lianimuy » . 
observations of Sudborougli and Beard (T., 1910, 97, ;;'i, •j 
substituents which tend to increase the auxochromic . 
amino-group always tend to increase the depth of i-..]. ^ 

additive com|)OUiids of trinitrobenrene with amines ^ 

Green and Rowe, T., 1912, 101, 2446; Mehlola .nnd H.-, :; ■ 
1913, 103, 884 ; Meldola and llolloly, this vol., p. 113), 
appears to have been made to institute a quanlilatiw i r!,;,--, 
by an examination of the alworptioii spectra of the t»-) *r i 
compounds, but it seems to the present author that iH u i 
attention Ijefore the alternative formula (VI), hinted at hv I’h,; 
{Aniialen, 1914, 404, 13), is accepted: 

R-NO, CjHsNHj. 

(VI.) 


Meanwhile, Werner’s formula has been retained in tli- f !; • 
attempt to depict in outline the course of the ri'.u iinn i , . 
an arylaniino-radiclo displaces a mobile substituent X : 


X 

'\ 

I %0 


I 

r 


ll,Sl; 



X 

H.NR 


X 


\/ 
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\ 

\,' 


/\-=' 



/\ 


1 i ‘ 

'^0 


! 

\/ 


\/ 
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/\ 


NHR 

\/ 

/\ 



Am/® 

1 1 



1 

\/ 

Ao. 

\/ 




As a consequence of the formation of the molecular rosip sr 
certain amount of unsatisfied valency may be expcctwl 
to exist, as shown, on the carbon atom to which X is altacne:, 
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Bther b* »b«orb«l by X or riigaue a porh'ou of (be reiidual 
of the »p»U«Uy proxiiiiato nitrogen atom. Of the two 
the represente.1 by the third formula in the 

^ ^ma the more probable becanae it enal.lea the system, by 
^l«<,uent rearrangement in tlie manner indicated, to' attain a 
<'f smol'er ^tential energy, 

^ procem by which the nitro group facilitates the condenaalioii 
■ja, considered to consist in rendering it intra- rather than 
i„„<Jecular by bringing the amine molecule into a po.silion 
Karahis to the formation of a five-niembered ring (or, if Pfeiffer's 
were adopted, of a sLK-meinbere<l ring). It is this feature 
n differentiatee the views now put forwanl from thoa.i of 
paialii; whilst, in the author's opinion, the siippurler.s of thn 
lucing theory are confronted with the dilemma that the sleric 
of groups is probably explicable in a manner subslan- 
!!; nmilar to that by wliieli they seek to explain tlie njiposite 
,t Thus Henry's theory, that esterification depends on tho 
Bitioa (d the intcrmeiliate compound (Vllb has lieeii extended 


lilt 
I' (111 
tIKt 
It'll ) 


OH 

\/ 


HO 01! 

\./ 

/\,- 


H 


(VIII 


III! 



Wetwlieider to the ease of the phenols, it heiiig assumed (hat 
scraslly active group X prevents the formal im, „f (.he inter- 
miead.lilive compound (Vlll) {Moiuihli., IMK, 16 Mil- coin- 
• dm navies, T., 1900, 77, 33). Tho theory, ihal 'thi-s is (he 
liih-Oe.if formation of substitution derivative.s of pliemd, has 
, <urrent for a considerable lime, and is strongly Buiijiorlwl 
-Cl^riinental evidenee recently adiliiced (Meyer and Imnimrdt, 
0-1. I'Jl.'l, 398, 51 ; Meyer, Irscdiieli and Schliisser, /ter., 1914, 
i;tl ; compare Auwors and Micbaelis, rtiV/., p, 137 , 9 ). 

I iliis connexion attention may bo <lrawn to the behaviour of 
>aa,le. This amine furnishes a re<ldi8h hrowii explosive potass- 
«it iCreen and Rowe, T.. 1913, 103, r,f,3), hnl, is attacked by 
■r -iiiiiydride only in the presence of sulphuric acid * (Wilt and 
t'- ff'C., 1908, 41, 3092; compare Paal and lienker, JIrr., 1899, 
!--)l ; Paal and Hartel, ibid., p. 2051 ; Mehlola and Ilollclyi 
. P- -110). Similarly, 5 :7-dinitro-3-keto-l :3 dihydroindazole 


M 

0 -.."!^''"'^*'^- '"Iphoric acid has also licen fwiml to he r-ircdivc in 
tt-' which remain unalfKtcd under the nsiml 

^ iWcgwheider, B,r.. 1895, 38, 3128; Kenner and MaOiewa, Oii, voi., 
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furuisheil a m-mi/arelyl derivative (IX), and a d«j, i,, ,, I 
live ditodium aall (X), whereas its 3 phenyl derivati,- 1 J 
acetylated, and only yielded a monoirjdium salt* iX! ' 
appears that the liydrogen atom in position (1) cann i. )„ , 
under ordinary conditions, hut can take part in 
Since a diacetyl derivative and a monosodiuni salt j., 
from 3 kcto-l :.3-<lihydrointlaaole itself, it is clear th,[ ,,, 
ship in these respects to its diiiitro-derivative core 
with that of aniline to picramide: 


NHNAc 

N-NNa 

• • I 



NaO^N.'- CO 

NaOjN: 

\/ 



NO, 

NO., 

N". 

(IXi 

IX.)' 

<.\1 ■ 


These examples illustrate the fact that a nitro ijraiji 
an amiiiOKroup hy steric hindrance, and yet mi'hr it, . 
atoms active towards alkali. In other words, the (» . 
involved, of which one is a particular example of these -t.V: 
this paper is concerneil, are fundamentally dilfiTi’iil 

A group of large molecular volume ocaipying the w, ■ j - 
position to the suhstiluent X may, of course, he <•»!.,> 
exercise the sterio himlrance usually observed in stirli ra., > • 
formation, and we therefore lind that 3chhiro l : h dnm: 
reacts much less rapidly than ■l chloro-1 iS iliiiilrohciiMi,- ,B-, 
and UaiitschelT, Anrnilm, 1911, 379, 1;)3). stcric : 
must further tie coniiidered in regard to th.ir ' 
formation of the primary aildilivo com])onml. Thus S :■ 
ami Picton (foe. cif.) showed that the introdnclion of ihi'- 

or two methoxyl groups, or three hromiiie atoms into l!: 

of trinitrohenzene completely inhibited the formation of ■ 
compounds with a- or 0-naphtliyl.iniiiie, whilst Ilofiii nm c, : « 
reiither found that ,1100110110 solutions of trinltroim-sltyh' - 
trinitro-m-xyleiie, in contrast with frinitrohenzeni-, .hi- - 
colour when hydrazine hydrate was .added {Iltr., 191". 33, 
Similarly, .Tackson and Boos showed that di- ainl in : r ' 
tylencs did not give coloured .idditive prorlucts willi mti.’. i' ' 
oxides (.Imer. Chrm, ./., 1898, 20, 4'14). The iinpTtain* 
factor is illustrated by the case of 4 : 6-riibrorao-l : J ilinitn 
from which the l-nitro-groiip is displaced by the .unma,.- 
(Blanksma, Rfc. tmv. chiin., 1908, 27, 50): 

• Ilic formnl* pvrii to Ihrse salts in the text arc of wimr i’! ".' " ' 

quinonoid ones, or to HanUstdi’s atft'fonn«l»e 
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NO, 

Br/^NO, 

\/ 

Br 


NH, 


Br 


\v 


so. 


\„' 

Hr 


^^^.parisoB with the behaviour, alrea.Iy quote,!, of t vhloro- 
( <r,,.BoM l:2-iliBitrobenieiie at oii.-e sug!:,.Hts the uitro- 
)KBitioB 2 would be the more easily ilis|il.i«'d were it 
I till' other nilro-ofottp is slerically iireveiited froi.i formiuj; 
;,^»irv addiUve roiu)>ouud. " 

\f ilwve coiuideratioiis are a]>)ilifahle iu other cases. Tliua. 
, rrirtioii klweeti |iotassium mdho.vido and Iriiiilroidieiietole 
[..eiiiiruMer, lot. eit.) may he re])ie.seuU'd in tlie fcllowiuo 


oKi 

'V 

.Ml. 


s 


0 


Vo 

M.O-K 


KiO 


MlOK 

I 


I' to 


MeOK 


\. 


\ 

NO, 




0,N 


\ ■' 

NO., 


O 

S' - ' 


MeO — K- 


Kill 

y 

KtO / 



\/ 

ii.S 



i 


\/' 


NO, 

No, 


JleO — K 

OMe 

Ktd / 

KiO / 

,0 

,/ 

/, 

hS- 

• ^0 ■■■■' 

0,N;^‘ ' N^' 


,OK 

^'0 


NO, 


NO, 


h' raalioii ol oolourod salts of nilroiiheuuls, to which Haiilzsch 
» »Msnel the formula (XII) (H.r., 1912, 45 , 90), can he 
Jrowl in the eaute matitier : 

0 K 

A 

(XII.) 

« « no longer remarkable that "echte Nitrokorper mit einer 
^'1 nrgativen Gruppe isomeriereu sich als Pseudosauren (durch 
**' O'er Alkahen) niemala tiur jur ersten Stufe der einfachen 
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^i-Nitrokorper. «ndern »f<>rt » d« 
fl«-Nitrok6rj«r. » 

whema da» MittclgUed nichl Miatiart (Hantoch. I,r. 


CH,<? 


-NO, 


[ch4o.h] 

The coune of the condenaation of 2 :4-dimtrot«!ucn* vt* 
aldehyde in prwence of «oodda.7 ''““.f 
1901 34 , 26*2) may perhaps be considered to uU ^..y, 
similar manner. ThU suggestion at ' ' 

observations made by Borsche (.l»na/«, 1911. 388. i., 
he was unable to explain. Whilst 4:6dinitr.M.Xlll 
o-l-etrinitroCXlVl m-xylenes respectively give yi,„i, ,1 
43 ner cent, of the corresponding dislyrylbenienes *S„ „ „ 
with beiiialdehyde, 2 : 4-diiiitro-(XV) and 2;4;i,tr,i,,: 
inesitylenes are unchanged. 


0,N 


Me 

r/\ 


\/ 

NO, 

(XIII.) 


Me 


Me 

o.n/Nno, 

NO, 
(.XIV.) 


Me 

/\no, 

Me^yMe 

NO, 

fXV.) 


Ms 


0,X 

.Me, 


V, 


N<i. 

-XV!.' 


In the last two cases the nitro-groups are slernally iron 
from fonning the required additive compound, bin, ,,, ,1. .. 
cases both the 4- and the B-nitro-groiips are free to do v, 1, , 
Lr, the condensation took place by direct intera,- ,o„ ,,1 u,. 
groups with tlie aldehydes, trinitro-m-xyle.ie sho.iU e 
I, trinitroniesitylene is, whilst d.nilromesily e. e shouW ,0,.. 
case Also, a cLparison of the l*liaviour of the ivvo n 0 
pounds is interesting as Illustrating the res,ilt.iMt mt.N.n , 

OMe 


NO, 


%/ 


OMe 
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influyn^^^ and on tho oilier the ateric 
to ti» I***' sloge* of th» reaetlon, of Ihe 2 iiitro-groiip, 
^ it m»y fc* obierved that Hope and Robinson, when con- 
^ the uieehanism of the condensation of nilromeconine with 
(shown on p. 2726), attributeil two functions to the 
Pftoap- •“ attracting the nitro-coinpouiid and in 

^ , ioose combination of the typie of the compounds obUine.1 
t same* and trinilrobeniene. and secondly, in effecting the 
pasitioti between the aldehyde and niethvlene groups " (T 
I.W.llM, 21 U). The views thus expressed aj>proximate very 
to those advocatesi above. 

^ naciivity induced by other nieta directive grmi|ia may 
lib lie explained in a similar manner. Thus there is abnndatit 
^ that the carbonyl group is able to take part in the forma- 
aiolwular conipottnds (compare, for example, Pfeiffer 
1910, 376, 285; 1311, 383, 92; Ilrr., 1311, 47, ir,so)’ 
,1 proUble that the same will be found to be true of tho 
k nyl sad tho cyanogen groups. 

a'p«ible that similar con-siderations might lead to an 
inition of the activity of the chlorine atom and the methyl 
ji 111 ichloro- and 2 methyl pyridines. At any rate, Iheao 
.j,!« serve to expose the inaccuracy of Vorliinder's statement 
1910, 820, C6), according to which the ' reaetivo" un- 
riiel group, 'XiY', causes mobility of the hydrogen atom in 
m XVfl, but not in XVlIf or XIX: 


n-A-x:Y- h-x:y- h-arx:y- 

(XVII.) ixvill.) (.Xl.V.) 


iiiiu, linwever, the views just developed .sitnice to explain a 
'-r cf oliserved facts, they do not embrace another reaction, 
! «a.s olKcrved during the course of the cxpcrinieiiU aliimt 
' Willed. Thus it was found that S ehloroS ; l-thnilrmuhvilr, 
mniied when 5:7-<liiiitro..3-kcto-l :3-dihydroind.izol6 is 
'•I under pressure with phosphoryl cliloriilo at 140°, is converted 
.1 Irirhlomindozole (XXI) if the reaction is carried out 
>■- , and the l-pkenyl derivative showed a similar behaviour; 


■VH-NH 

I 

0, x_co 

SO, 


N-NH 

1 \ 

N— Nil 

t/\^ci 

1 \ ; 

, Cl/\^'C1 

— ^ 1 

\/ 

\/ 

NO, 

01 

(XX.) 

(XXI.) 


'»% 0 U 8 observations have been made by Lobry de Bruyn 
"'!i. cUm., 1896, 15, 84), who found that, among others, 
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»'triiiilroh«niene anri the three ciinitrobenieue* were 
the corresponding chlorcwlerivative* when heated *;!• 
hydrogen chloride solution at 200 — 300°. Similaj;.,. y..'] 
Kuchenbecker (^Annaltn, 1904, 330, 50) showed tin _ *'i 
azobenzene-4 :4'-disuIphonic acid, when heated witi< ^ 
hydrochloric acid at 160°, furnished tetrachloroazoix'-i,^ ^ 
NO, NO, a 

ho,h/ ^'So,n ci/^n:s '' ^ 

The facta that all the nitro-groiips are displaced, ai,,l 
cases of the dinitrolienzenes the reaction is indc|« ii,i,. . 
orientation, would appear to indicate that the cans,. „i 
is to l)c sought in the relationship of the nilro;;rij.;|, . 
l)cnzenc niu'lcn.s rather than in any direct mutual iii!lu»i,„ . ^ 
groups. Since, however, nitrobenzene itself does tut 
reaction (l.ohry ile Hruyn and van beent, for, ,( 
that the second nitrogroup iloes play some part, t.:.!,., 
suitably nuslifying the condition of the benzene nuiir.i t 
suritiisa; receives some measure of supimrt from the fa.: : 
displacement of nitro-groups by chlorine atoms tak', 
more readily in the case of naphthalene derivatives 
lirr., 1876, 9, 1187, 1732; 1877, 10, 1843), in wiii.li tj ,. . ; 
of the nuclei is generally acknowledged to he soiiji wl m; ;f., 
from that of the ordinary benzene miclens. This i.lr-a 1. 1 ; ,, 
for it is iiiijilied in the term " negativity," hy which li.e tts 
of organic chemistry dealing with such cases of iiml.iiiiy u 
times designaleel. It is therefore also probable that th:. ■-•i 
nitro-groups on the benzene nucleus nm.st be fahin c.! -i 
ill connc.vion with tho reactions to which the main j 
present discussion has been devoted. Similarly, the r.' i-t r 
substituent to lie replaced also requires cmisideralimi, T j< 
borough and I’ictou were unable to prepare pirryl o n.ii '" *5 
from picrylaniline, although tho necessary additive . ' 
isolated (liir. eit., p. 587). The fact that .s-triiiitr. heiiii ' • ( 
verted into 3 i.b-dinitroanisole hy the action of sndiii'n e-' a 
but is not affected by ammonia (l-obry de Briiyn. /i'" • si 
1890, 9, 214, 218; 1894, 13, 148), shows that the nu;'- - 
entrant group is also of importance. It must, however. '•> ‘C 
that these factors operate by predisposing the system t' 
rather than by playing any active part in the chance. 

Still other influences are noticeable in certain c.i.scs, T » 
displacement of a nitro-group in the course of the -y:. ew 
3 : 5-dinitro-oxazine from 2:4; 6 -trinitro- 2 '-hydnivyili['hf ■ h'* 
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Utttt 

i I br Turpin (T., 1891, 69, 72'’; we also Kelirmaini, Btr., 

3 $, ■ 

NH— , N H 


?\ SO, uo 


\/\ KKIl 

/\/ O.N 


\ \ 


\' 


p[*rjUf conversion, just citea. of > trinitroleiiieiie 

5 iJiiiitroinUole, and is probably a result of the negativity of 
nucleus. This, however, affor.ls no ex|ilaiiiilion of tlm 
ttwrwl by Ullmann, that whilst Tiirpiu s reaotiuii is npplic 
a:6ainitro-2'-hyilroxy(liphenylnniine, it fails in the case of 
I t iiomeride (AniJii/rn, 1909, 366, 79). 

the result of the action of potassium cyaniile on alcoholic 
jiBiof the bronionitrobenzenes and similar comiioumls at IStC', 
au.li*<l liy Richter, is remarkable. Para- and inetji bromo- 
hcBwafi are respectively converted into meta- and orlho 
[deutcic acitls, but the orthu-isuineridi! is recovered tin- 
(el («<>., 1871, 4 , 21, ICl, or, 3; l.t?!, 7, ll-IO; ls;o, 9. 
. cinparc /incke, //<r., 18td, 7, lolhl). Whilst these reactions 
1 null in the sense that the hydroyen atom in the oithoposi- 
iij the nitrugroup is attacked in e.ich case, they disidose a 
sj icndcmy, not observeil in any of the ca.sr's pievionsly 
n-l to, on the part of the substituting yronp (in this I'aai' 
lyw, which is 8ub.se<iuently bydrolyscil ) , to eider the nnclens 
w t, the other negative grouji as po.s.silde. So .strung is this 
IKV that it prevents the conversion of odiromonitiohen-acno 
», htemolwnioic acid, although both the bromine’ atom and the 
g, u|, in this case conduce to the mobility of the meta hydro- 
; whilst in the second case tpiotod above the react, ion takes 
iijEijiectivc of conshlerations of steric hindrance, which would 
at the para-hydnigen atom as more likely to Iw attacked.* If 
sii'jwance is made for this factor, the action of potassium 
df 611 various iiitro-compounds, ajijiarently so bewildering in 
iitidy of results observeil (collated by Jatbry de liriiyn, Bir. 
r'on.. 19i).|, 23, '17), affords an excellent illn.stralion of the 
i ilie iiillueuces jireviously discussed, namely ; 
u-.f loosening influence of meta-di recti vc groupings on ortho- 
farjiubstituenta; 


[ It** corresponding effect of ortho-para-directive groujis on 
ssi-stilueiits; 


Na-Civ truaioDitrobfiizoDitrilcs are first (awlirad in tins reaction. For 
O ( Ihe mobility of the nitro-group iu sucli coui|<iiiiids, compare Ihi: uasfH fii' 
c, wi-ditiitroljenzene, and otlicr coiniioundu rderrcti to later. 
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«n, 

(e) «t«ric hindrance to the formation of the ijin: ' 
compound and to the attack of otherwiae mobile gf-uu ^ 

(d) the negative condition of the benaene nucleus ' 

(e) the nature of the aubatituent to be repU..y,j . 

entrant group. It will be obeerved that, in the foil./.).. , ^ 

nitro-groupa attached to a negative nucleus and Lv i- 
alone suffer displacement. Halogen atoms are i.u 
potassium cyanide. 

The following table shows the more notable i,i 
obtained in this direction, accompanied by refereiu ^ 
summary : ^ 


Nitro- 

compound. 

CuUilittona 

votployrtl. 

Product. 

Influencri 

c- Diuitru • 
beOZebe. 

AlculiolicHu- 
luiiou at 
170\ 

No fhango. 

t 

p • Diuilro ■ 
Uiuzeue. 

Hfiiling alro- 
holic ho!u> 
tiua. 

p-NUroauisole. 

(«) + (<0. 

fA'lhuitro- 

beo/«Qe. 

IloilingaK'o- 
holic S'llu- 
tiou. 

(2 • 6- Diiiitro- 
beiizonitrile) 
— • 6-nitro- 
2 • nielhuxy • 
beiizonittile.* 

(o) + ('/)■ 

Diiiitiated 
ti • iiitru- 
2-rthoxy<' 
b e D z 0 • 
nitrile. 

Warm alco- 
holic solu- 
tiou. 

A dhiitrile, 
the 0-nitro- 
group Wing 
displaced. 

(«) + (i)tt.i 

1 s 2 : 4.Tri- 
nitrubtiii* 

zeiiv. 

IluiUng alco- 
hol*!'. solu- 
tion. 

2:4-l>initroam- 

ifide. 

(0) + Wt 

4 - Uhloro- 

Boiling alco- 

5-Ch 1 oro-6- 


1 ; 3-di 
ni t r 0 - 
liei^zcne. 

holic solu- 
tion. 

n i t r 0 • 2 • 
nl etbo s y- 
bcozouitriic. 

+ (4 



,i,J ,,, ,, 

ly.i’,- , 1 
, 23, a ' ‘ • 

Hiy' ;i j 


I'nivij ,, 

/a-, 


':fn ^ 

i'M}!!. A. ( 


I’.nnn, /:■ ■ 




„.t i 

21 . U'{ I 


• The c)’anog«*n group rcodvrh a uitro'group iu iho ortii> iv !. : i 
(influences (rt) + {(i)). Tims o* and j>-Dihobenzouitrik‘s, when la.'ilci t-* 
of sodium luothoxide, ar« converted into o- and • i 

Jlcc. irav, chi'm., 1899, 18, 380; Keiuderj and Kinger, I'- 

that some o-iiitroanisolc is also produced in the former casd (AVer. irir. ■<■■■■>■ 
20, 321). Further, laohry dc Bniyn showed that 2-iuethox)'-6-!iar' '>:t.; 4^* 
converted into 2 : fl-dimethoxybeozonitrilc by melhyl-aleoliolit: j uv.i'a ->• 
(&*£. irav‘ cAm., 1883, 2, 205). 

t The 1 -nitro-group dimioiahos the mobility of the 3-hy>hQ^«a ai . , isi 
prevents the reaction from following a similar conrsa to that ol>^civri si ^ 
wt-dinitrobenzene. The infloeoce of the chlorine atom and the irmn • 
cases next quoted is, however, in favour of such a result, ’Ihi ' j ^ 
chlcNfine atom is clearly responsible (or the partial couT<;r>i'5a «• 
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im 

»u%. 


(.'aaditioM 

1 Proilact. 

! 

luflufntyi. 

abwbolieso- 

3:6'Difiitro-3- 

(a) i (M 1 (,.) 

lati^ it 

4KiiQ0|>ti^aol. 

+ {')■ 



Auueauiolo- 

l\)U«tiuni tjo> 


uon «t Si 

)iurikurat«.* 

. 

' 

(N'irtiki 

ud 1‘etii). 


- 

K«) <*11*11^. 

. 

j 

ic). ' 

i 
i 


to litt-nturv, 


mr. 1 $ 85 , 

6, K07 : igs6, 7, 95. 
•■MikiAjiJ IVtil, BfT, 
33 , 1788 5 

'‘••m-lio, h'n\, 1900 , 
-ri8. 2995. 

HorM'iit* ait<l l<<viiU'lli, 

1902 , 35, ftgy . 
Moivlu aihl IliH'kpr, 
/'Vn, l!> 03 . 36 . 4367 i 
JU,., 

fhiin., 1904 . 23 , &rt. 

llttiikMim, 

rhifii., 1901 , 20 411 
423 . ■ ’ 


into 3-chloro-5.ulr.«niwl, by il„ taim of wlium m.ihoiij.. 

! amply reau«J(Kuck. 1901 20 111 '• 

,, .ilU.li,-. <i9ot<a .sre« lb»t ,«pnip,„ic anj coalai,,, i,, 

!, but differ lu regard 1.. lb. faie of tb. 2 . .,„i 6 i.iuL™,,,, 

Lsr i. Nieliti and 1 etri ou. of tbeoi in iutoau ,vbi|,, 

. 1I..I tb. leduelioi. only «.acl.e. tb. of . l,yli.,„ 

,.I,M . I ruyn eonadem that lb. ..lour of Ih. .„,„|,„„„d i»,u|d i« 
,., 01 . 01 1., 111 . pt^ue. of a a hydroxyUmino gmup in plae. 

l.,.di.j;.ou|». Tb. gueatlou aa lo tb. 

ol»iM l.a,, l.u»...r. no beariug oo tb. pn,.*.,! diwuasiou. ' 

. t-iinis ill connexion with the above table call for expl,ina. 
•Vo 13 made to explain the introduction at one time 

:™,og.i, group, at another of an alkyloxygroup, aa a rcault 
nciion of potassium cyanide. This problem, which lies out- 
b. eo!» 01 (he present discussion, was considered by Lobry 
«n. » 10, however, was unable to arrive at any very def.nito 

- reb.ml those which would a,, pear to play a decisive part 
the final result. ' 



2732 KE.VSKB: TBE INEtUEKCE Of NiTBO-OROUhi 


Expibimektal. 

[With Ratmond CcBTis.] 

5 :Z-Jihydruin(lu:ttir , 

NHNH 


An alcoholic solution of hydrazine hydrate (C i-rj; 
cautiously addwl to a solution of methyl 2-chlor[i3 j. 
lienzoate (10 grams) in warm alcohol (100 c.c.). Ks.fi i 
caused a vigorous reaction, which l)ecamc violent if u, 
tein[)€ratiire was loo high, and a ilark red hydrani.c >, 
immediately iirecijdtated. After dilute hyilrochloric a.; i f 
added to ttie mixture, the free indazole derivative a,, 
and imrifieU hy crystallisiition from glacial lu.-iii 
separated from tlie solution in yellow, hexagonal |il,itis. n, '■ 
decomfmsiug at ahout 300‘^: 

O' 1900 gave O'i.WC CO., and 0 0368 11,0. C :tr V , l| 
0 1736 ., 38'2 c.c. Nj at 17° and 734 mm. N n. 

CjlljOjN, rM|uires C = 37'.30; 1I = 1'78; NiittViiu j.i , 
The com|iound was not appreciably soluble in cold ,d,. i, . 
benzene, or tldorofortn; it was fairly soluble in boiline ai, ,, 
readily eo in glacial acetic acid or acetic anhydride. 

The ditoJiiun salt was prepared by triturating .r:7i; 
keto-1 : S-dihydroindazole (2 grains) with oA’-sodiuni i.i 
solution (7 C.C.). After the addition of absolute alci.h.,! 'i 
to the resulting deep brown paste, the salt w.is 
washed with absolute alcohol until the w,ashings wi-n' ir. 
alkali. For analysis two different specimens were ].r(| c 
second by the use of a considerable e.xcess of .sodnnii i 
solution; although the jtrorliicts were dried at 130 . tb- ■ 
retained two molecular jiroportions of water : 

0-1288 gave 0'()G03 Na_,SOj. Na = 15'17. 

0'2938 0 1380 Na^SO,. Na = 1.3'23. 

0'134 ret^uired 9'2 c.c. A’ / 10-11.504. M.W. -291.^ 
CjH.,05N,Na.„21I,0 requires Na = 15'13 per cent.; M A\ 
The salt exploded when heated, and this iircvoiitoi .i-' 
tions of its otiicr elements being made. It was na lily .■• 

• The salt itself served ss iudicator iu the titrstinn. Off iiiv te ; . 
(letermiiiing the exact eiid-poiut, DO claim can he niaile for gnat *.■- • 
result. 
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liable in »lcohol or acetone, but insoluble in bentene or 
p^onn By treating lU aqueous solution witJi suitable re- 
a rcia.ah /cmc salt, an insoluble ,l,rk brown *,7,cf uilt 
^ , aiJorately soluble dark brown salt were obtained. ’ 

^ mw.sirrty/ derivative separated in greeniali-yellow crystals 
ihe solution obUineei by boiling the .■ouipo'uud (" gramsl 
, anhydride (5 grams) for eight bours. It crysulliaeil 
, {Iwial acetic, acid in reeUngular prisms, melting at 
. I'd®-': 

gitve 0 2548 CO^ aiut 0 034(1 H«(>. 0 10 sj h 

M 28 6 CiC. Nd At IS'^ Hiul /4I nmi. K ‘') 'i 
■^(VV, requires C = 40-60; ll = 2-2,i; n' 21 O.i'per cent. 
i„»|ability relationships of the acetyl derivative correspomled 
tluae of the parent substame. It was soluble in alkali, form- 
1 il(»|) red solution. . 

prepare a ilhuetyl derivative were fruitless, the 
wrettl derivative being produced in every cas<'. 

5: 7 /)l(J/fll«o.3J-e/«.l : 3-, /i/iydrm, 

NUMI 

lIjN'^'^-t't) 

\/ 

Nil, 

e .iuiitriHlerivative (4 grams) was added to a nt 

• u. dill, ride in glacial acetic achl (,-0 grams), salnrated with 
trti chloride. After twelve boiirs, tbc reduction product was 
el Iron, tlie precipitate by treatment with liydrogeu sulphide 
- 1 . 1 ,., I manner. It was analysed iu (ho form of its I, , 

. las prccipitaled when amiiioiilum oxalate was added to a,i 
loroliilion of the hydrochloride of the hase: 

'd i’Ave e.c. N., at 18° and 740 mm. N 2P9r,, 
(;I 1 . 0 N,,C 2 lIjOj requires K 22-20 per cent, 

’< "> IHmlTt)-^.liflu.2-phr„iil-\ : X.Uhp.IrMinhnoIr 

Nll-XPh 

\/ 

NO, 

‘■°-*lioiic solution of phenylhydrazine (12 grams) was slowly 
warm solution of methyl 2-cliloro-3 : .l-diiiitroheriznate 
m alcohol (100 C.C.). After the mixture had been 
e ,8 wrterdrath for fifteen minutes, it was worked up as 

«g 
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ta the previon* cue. The produ<A coD«rt*d of tw., , 

L of which wu extcected by h,^ »lcoho T.;^ 
( 9 ft -95 per cent, of Ihe yield) crysUllued from gUa*. 

« «»t n^lee. which melted «.d decompoud beu., 

250°: „ „ . 

01814 cave 03464 CO, and 0 0477 HjO. C-oj.fl, 
frl552 * mc.c,N,»tl6-5°»nd 740^. N 

CuHjOj^t requicea 0=62 00; H=2-66; S=18oi, |« ^ 
The compound wae therefore either Uie I- or tl,,- i pU,,; 4 ^ 

ative of 5 : 7 .dinitro- 3 -k.to-l: 3 .d.hydro>nd».ole. U 

.paringly «.luble in boiling alcohol, benune, or 
wu mtleraUly soluble in glacial aceUc acid and >n 
The •nooo.od.'um ealt wa. obtained aa an amorpl.om j. ,* 
the manner already de«:ribed in the • 

indaaole, and exl.ibited a aimitar tendency to expl..!.. 

It wa> readily soluble in water, soluble in alcohol or 
insoluble in chloroform or beniene; 

()'2l62 gave 0 0491 Na,SO,. Na=7-35^ 

0.;Lofequirod60c.c.J7/WO, MAV. = .> 

requires N 8 =M per ceut., .M M j. 

By double decomposition with its aqueous «dulio„, 
deep re<l .i/crr salt, and a moderately soluble, brow,, c; 
tere obtained. The compound is insufficiently m ohr . 0 , 

the foruiatioii of a ferric salt. , . . t j 

Attempts to prepare an acetyl derivative by v»no.» 
were uusuccewitul, the original compound being no.. .r 
case A c-olourlesa subsUnce separated rom the sohit .. . : 
hV adding aulphuric acid to a mixture of t e c.i,„|,.,.. ... .1 

Xarhi:, but it decomposed and turne, yell... n..-- 
caul in contact with the moisture of the almus|.li. r.. ^ ^ 

As explained in the introduction, these reaclKiii. ..r - 
behaviour of picramide, and it is therefore con..,. hr, -i . .. 
compound is a 2 -pl.enyl derivative This . 

with the results of E. Fischer (.4 «««/« , , 

showed that the condensation of P'”y' 

hydrariiie results in the hMuiV 

appears that other products may result under . . ^ 

(Wiiip- «•;; .5 f,*::.; ,,i .i..-; 

Ficchcr, Annahii, 1889, zoa. ), , ■ 1 ,i,nv,iiivn s] 

a mixture of "T: e ' 

duced by the action of “"'yl. \To 'i;!, Ti.,.* 
pare also Micliaelis and Schmidt, 71«r 188. > 

Ly throw some light on the formation m tbc ,r 
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I joopoand, which WM dcpocitcl from Uie abovc-meatioMd 
■ c loIuUoa IB yollow, rhomboid.l After repeated 

*Uou from alcohol, the compound inelled at 175“: 

^ gave 0'2^7 00, and 0 0503 H.O. C^55 64 n^^a ss 
titW •f' Bid 737 mm. N = ‘'0-31 

r«iiur«a C=65-83i H=3 92; N = 20 6o',«r cent 
owpound therefore reaulted from the condensation of one 
^ proportion of the eater with two of phenylliydraaine- 
^a^SO,hCl'CO,Me + 2C,H,-KH-Nn5 -► 

HCl + MeOH + CtHj(N(X)./C„H „ON,. 
r, mre unable to oxidise it with mercuric o.vi.ie, U. condense it 
I iUehydes, to concert it into the indazole derivative produced 
niuaeously with it, or to prepare it from 3 : t^linitro-G carh.e 
tayliydraiobenMne. Uulesa steric ii.llueiu-es be assumed, this 
n.t* u at variance with the possible formula; XXII ami 
III, .li.Ut formula XXIV, representing Uie product of the 
si,r,e mversion of XXIII, is rendered improbable by the fact 
ibe compound in question may he isolated without the aid of 
ty removing the phenylliydrazine salt of dinitroketophenyl- 
iroiitdaiole by solution in cold alcohol ; ‘ 

Nl'b-NH, NUNHPh 

U.S "'^CO-NH'NHPh O,n/\c 0-N H .Nil Ph 


V k/ 

NO, 

„„ (X.XIII. 

nh-c^h^-nii, 

0,N/\cO.NH.NIIPh 

\/ 

NO, 

(XXIV.) 

2 : ^t^i’iiln-^-Cttfhomelhoxyhydraznlirmfnr, 

CO, Me 

0,N<^ ^NH-NH-C,!!,. 

NO, 

^benylhydrazine (8 grama) had been added to a solution 

Cl Ihett “'oohol 

f). the mixture was heated to the boiling point, and then 

Sleffiltrlti™ ^'‘1“ **“ warmed with alcohol, 

denvative ’ a ft “range crystals of the 


8 g 2 
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0 1634 gave 0-3016 CO, and 0 0523 HjO. C=50 {j t, 
0-1430 „ 21-7 C.C. Nj at 20“ and 732 mm. X i;V/^ 
requires C=50 60; U = 3-61 ; N = 1C ‘,j‘ 
When its alcoholic solution was boiled for a few 
condensation took place, and the corresponding liiin u T* 
derivative was precipitated. The same product was 
altenipU were made to condense the hydraicubr;,,,. ' 
plicnylliydrasine or bensaldehyde. 

». 2 : 4 : 2 ' : 4’-Tttramlru-6 : 6'-<Ucarhumtthuxiiir'T,i^,, 
NO, NOj^ ■ * 

Ay(/frt:.n<, 0 ,n/ ^NPh-NPb/ ^No.. 

(X),Me COjMe'^ 

An alcoholic solution of hydrazobenzene (2 graii,,si ,i, . 
with a solution of methyl 2chloro-3: o-dinitrota-jizr.jte ^ 
in alcohol (60 c.c.) on the water-bath for one hour, Tii> >■ 
precipitate, after filtration and crystallisation frotu r.;u .. 
melted at above 340°: 

0 1777 gave 0 3480 CO, and 0 0526 11,0. 0- 53 46; [I 
0'1918 „ 21'G c.c. N, at 20“ and 747 mm, X 
C,jn.j„0,.,No requires C = 53-16; 11 = 316; X-13;'‘j 
It was insoluble in alkalis, and in most organic solve.':-.,, 
niltolieiizenc and cpichlorohydrin, Attemjils to livin-hv i;, 
pound willi acid or with alkali were unsuccessful. 

If tho constitution assigned to the phenylindiin.lc .i,r ; 
already descrilied, is accepted, it is remarkable that li., a 
phenylamino-group of hydrazobenzene reacts with a si. ; 
cule of ester rather than with tho carbometlioxyl grini; vi 
molecule, and it might be suggested that this is evi.lcmv i: v 
of the alternative constitution. On the other hand, h-jie 
may be argued that tho velocity of reaction in tiie prf*-! c 
much slower than when plienylhydrazine is used, and li;,. 
due to the greater facility with which the ester condt- ni< • : 
amino-group of plienylhydrazine. 

N-XII 

/'■ I 

fiN' -I'd 

3-CWoro*5: 'J-dtuitroindaioJt, ® 



5 : 7-Diintro3-keto-i : S-dihydroindazole (5 ^ratuM ■(is 
witll pliosphoryl cliloride (35 grama) for four liourj> lu 
at 120 — 140®. After tlie excess of phosplioryl 
removed by warming the product under diininislie^i pr-sen 
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, ftimd with water, collerted, ami rej«>atedly cryaUI. 
fiem glari*i acetic acid. In this way, yellow needles 
were iditained, which ineltcil at 179- KStF : 
jjjjj jave 0-250S CO, and 00197 ILO. 0=- 34 30; 11=1 09. 

t niJO 40'6 c.c. N; at 18^ and 753 iiini. K - 33-39. 

^515 „ 0 2112 AgCl., Cl = 14 46. 

fJiOi-VI requires C = 3-1 66; 11 = 1 19; N - -33119; f! . 14 64. 
per cent. 

N-Nll 

I \ 

ci/\-a'i 


3 ; 5 : t-TrUhloruintlozoh 


\ ' 

I'l 


i ; DiiiitroS keto-1 : 3-ditiydroindaaole was heated nmler 
^te with 10 parts by wei.t;ht of pliosphoryl i-lihnide for ten 
it 16*1 180^. The prmluct was isolated in the same manner 
a! Ihr previmia preparation, and separated from ;-laeial acetic 
j Iim-rosi-opic, white twinned needles, which melted at 
i. 190 O''.- 

-he.) ;;ave ITS c.c. N, at Ifi'^ and 740 mm. N == 13 47. 
CjUjN.CIj re(|uires N- 13 61 per cent. 


N-Nl>h 

I I 

\/ 

KOj 

iMrr a waled tube containing a mixture of .5 -. 7-dinitro-3 keto- 
•anvl 1 : 3 dihydroindaxole (3 grams) and phosjihoryl chloride 
jranij) had been heated for four hours at 130 110°, and 
ni, it was found that the above chloroindazole derivative had 
talliwd. After oeparstion from the liquor, and recrystallisa- 
Iron! glacial acetic acid, somewhat indefinite small, greenish- 
5» needles were obtained : 

J’Vigave 30 7 c.c. N, at 17° and 725 mm. N = 17-3, 
CijHjOiNjC'i requires N = 17-6 per cent. 

N— NPh 

5 :J-Trichloro-2-ph(nphndmok, 

Cl 

cl'mitro-S-keto-l-phenyl-l ; SKlihydroindazole (5 grams) was 
•1 aith phosphoryl chloride (40 grams) for fourteen hours 
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.Bd.r pr««r. .t 160-iro<>. TO •« 

nunntr u in th» pMTinni cMe*. tnpnmiBd from gUoii 
rX,“ now nlu«. -hioh n,.lUd nt 208 - 210 ^: 

0 1779 g.». 13-8 C.C. N, »t 186« .nd 764 »». N =S 
fr^783 0'5429 AgCI. Cl— 35 58. 

C^HjNiCI, wquiw* N-941 j^Cl«36*75 per 

Action ol Photfhoryl Chloride on *-2i 4i yU^Tdra,./^ 

dicarbomelhoxj/lelraphtnflhydrafnt. 

A mixture of the hydraiino derivativ* {3 grenu) with plu^ 
chloride (40 gram.) waa heated tor ten houre un.hr 
170-180° The product of the reaction could not W ctrajj, 
from the ordinary «)lventa, and waa therefore puttli^a W H,p, 
with sodium hydroxide solution and reprecipitatioi, m.* 
filtered Solution : 

01815 gave 0 3572 CO. and 0 0436 HjO. C=53 CT ; H ;jlj 
0 672 „ ll0c.c.N,at20°and731mm. K U 

nxt .O.NiCl. requires C = 53'51; H=2 74; N - 9 » j»t 

1 cK.ei . TT— Q fU- K- I M 

C«H,ANA >• C=5561; H=2B4, N 1 J „ 

tL product was therefore a mixture of two acids 

the original eeter by hydrolysi. and replacement , ,n^ 

two and four of ite nitro-groupa by chlorine The in»o;w 

nature of the reaction was probably due to the Ingl. o. :™ 

weight and sparing solubility of the hydrame deiivstu. 

This result is of value, since it shows that t ie pyunle nr,;. 

not the predisposing cause of the mobility of the mtmrrcp 

£ pr«vLs instanU although t^s mob. lity is specia I j ^ 

ahleV the uaphthalenc series (see the introductionl. fa 

h.; Mown (aLu,, 1913, 3 f, 313) tlmt 6-hydr„iy.n!..w 

comparable in its reactioua with 6 naphlhol. 

Th» 

SB&rriEW. 


rCLV -The Alkaloids of Quebracho BnrL i’m 

The Gonstitulion of Aspidospcmmt 
By Abthvb Jams Ewms. 

A8PiD08PX*mn®> CaHANs. “ Fraud/t* 

alkaloids of quebracho Urk. 

1878, 11 , 2189) from the bark of ^ 

"quebracho bianco” of the Argentine, iurtSijiia 

employment in the treatment of fever. A further 
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■^a, of thii Wk wis corned out by Hee* (.t nn^ihn. 1882, 
J J49i, «ho cUimed to hove ioolaleij no less than six different, 
I ifcoeiy related booeo. Of these, however, only two, noindy, 
Jj^'mine and qud>racbine, may be said to have been well 
and of these the latter has recently been oliown to 
^tical with yohimbino (Foorneau and Page, Bull. S». 
^narvt-, 19H, ^)* Acconling to Hesse, qiiebracbine only 

(cnie spedmono of the bark, and in those examined by the 
^ author, at moat only traces of this alkaloi,! have been 
pj. The present paper is concerned mainly with some results 
aised is experiments on the constitution of aspidospermiiie. At 
juae lime author has not so far Iwen able to confirm the 
o( the various bases described by Hesse witli the exception 
updoipermine and quebrachine. Further, Hesai> employed 
w dilute sulphuric acid for the extraction of the alkaloids from 
Kirk, and under these conditions, sa is shown by the expert- 
gti recopled in this paper, aspidosjrennine is hydrolysed, giving 
. I new base, tho properties of which make it ap|)ear posaihle 
I [he bases aspidosamine and hypoquebraeliino deseribed by 
BF may have been impure forms of this decomposition jiroduct 
upidoapermine. 

I may be mentioned, however, that in the course of tho present 
k i«o new well-defined crystalline alkaloids were ohtaineil in 
ill quantity. One, characterised by its sparing solubility in 
xeform and by its failure to give colour reactions with oxidising 
ala. cryitallised from ethyl acetate in well formed oclaliedra 
ling at 178—177°. The other is very sparingly soluble in 
rr, and crystallised from light petroleum in stout prisms melting 
HJ l.W°, The latter base gives colour reactions which 
able those given by the base obtained by tho hydrolysis of 
idoapennine, but are leu intense. It is hoped that these bases 
tlorm the subject of a future investigation. 

Sjiidoipsrmine is a feeble base, which does not yield crystalline 

Bj Inclionil pruipilation of a portion of ths crude alkaloid as tarlrato a 
! kuMiitj- of a cryitalHne salt was obtained from which s crystalline base 
aciitt} [;2S* was isolated. Thia baae correapondod in general with that 
i-.W by Hesse as quebrachine, and the recent statement by Kourueau and Page 
il. tlil tha latter haio ia identical with yohiaabinc, waa confirmad by tho 
ntf obMivitions. A specimen of yohimbine (for which I am iodehted *.o 
i. BifRct) melted at 23B*, and a mixture of equal parts of tho two bases melted 
h mma temperattm. Both bases melt to a red liquid and sublime at 
•tl8 ,5 01 6 mm., forming cltuters of prismatic needles. Farther, Barger and 
r»U hare found (privute ammuTouaUm) that yohimbine giree a character, 
•jfhonic acid derivatire. The formation of this acid from the base 
•ntkme) mentioned abore was carried out, and its identity with that obtained 
fAimbine readily eatabliiliad. 
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Eitj, 


uit*. It is lacvoroUtorj. It does not react with 


"Will. 




except after prolonged heating at 100“, and then y.?'. 
of products which have not yet been investigated. ^ 

contains one methoxyl group, and does not contain a,, 
group, but has an acetyl group attached to one 
This is sliown by the following facta. , ' 

The hydriodic aciil solution obtained after trealino 
mine according to Zeisel's method yielded a new I, 
linr, CijIIaONj. This base therefore differeil in touip^uj, j 
aspidoe[iermine by the complex CjIIjO, of which tin- liy,!,. i ^ 
one methoxyl group accounts for CH,. The residual C li d , 
to the presence, in aspidospermiue, of an acetyl ■* 

from the constilulijii of the base, must be attached i., ^ 

atom. The presence of an acetyl group was 
following results. 

Aspidospcrmine on hydrolysis with boiling dilute l,v,|, 
acid gives a new crystalline base, drorr/y/, , 
CjoIIjjONj, which is readily reconverted into aspiilwj,.,. 
acetylation. The new base on Imiling with concent rated i ■, 
acid (U 1'7) as would be expected yields aipidosine. ih,. i. 
ship of these bases being shown as follows: 


' S f-,;U 
citittiriue.i 


Atpidospermine, CjjIIjdO.Nj 




Peacetylaspidospormine, C«)H~ON, — — -i-Aspidosine, (',.[1 O' 

HI (17) 


,0 ,’t 




Nitronitrosodeacctylaspidosperniine, C^najOiX, 


Deacetylaspidospermine forms a characteristic, 5 [wriiii'lv - 1 '■( 
crystalline dihijdriofiide-j tlie corresponding tr 

hydrohromuh. are very .readily soluble, and liavc not l»’fn rlti:'* 
crystalline. It combines with methyl iodide, forniiiig a ery u 
derivative having the composition C2(|H280N;,2CH3T. It yi' s 
monoacetyl derivatiy* (aspidospermine) and a crystallinf - ^ 
henmyl derivative. It reacts with nitrous acid, and iiii irr ‘iiiu" 
conditions yields a crystalline derivative, which apjicars v ■» 
nitronitroso-compound. Deacetylaspidospermine tlius appar* tr ■ 
a secondary tertiary bass. The formation of a nilcouitrowi-;^''' 
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, l^hM wiUl the colour reaction, of ,|,e baae, probably 
the preeMce m the molecule of a rciuced quinoline 
^ On boiUng with hj.lnodic aci.l, nitronilriMcleacetil. 
_j^„,ine yield, upidosine. Ileacetylaspidospermine % 
Jiliy artieei of opposite sign (dextrorotatory) to that of 

is » crysUlline laevorotatory baa^, wliioh, like ileacetyl- 
gives a characteristic, sparinglv soluble, crystalline 
of the composition C„H«„ON„Hi. It is less basic than 
^(Isipelospermine, probably owing to the presence of a 
Kk hydroxyl group. Probably also for tl.is reason the base 
j^hat unstable in solution. 

te oiidAtion with chromic acid, aspidospermine yields a new 
ullice liase, which forms a sparingly soluble hydrochloride. 
i,f la w.iiit of material the tiase has not yet been fully invosti- 
It gives none of the colour reactions characteristic of 
ijjj«riiuiie and its immediate derivatives. 

Esperiiikntal. 

/Veprircidon o/ .Is/aVospcrmijie. 

f.e surly ground bark was completely extraoted with liot alcohol 
, JI 3j |er cent.), and the alcohol removed hy distillation. The 
vcloiirel. viscous residue was extracted with a 20 per rent 
of acetic acid until the extracts gave only very feehlo 
^:.i.UI reactions. The e.xtract was diluted, which caused the 
►;|iiali(m of a certain amount of resin, and, withont filtration, 
llel with .1 .saturated aqueous solution of normal lead acetate' 
hi ihe filtrate no longer gave a precipitate either on dilution or 
Miition of lead acetate. The precipitate was collected, the lead 
send from the filtrate as sulphide, ami the solutimi made 
»!ioe with ammonium hydroxide. A voluminous precijiitate was 
dsmi. which was collected and dried. The filtrate still con- 
tel lome alkaloid in solution, which was readily removed by 
rirtioii with chloroform. The residue obtained on distilling off 
losicroform was added to the crude alkaloid first preeijiitated. 
fw mixture of bases so obUined was dissolved in a small amount 

iwlute alcohol, and on keeping, aspidospermine crystallised out. 

» collected and purified by recrystallisation from methyl 
ita. or, for aaalyais, by sublimation in a vacuum. 

Wing to Hesse (foe. cif.) quebracliine Ippresent crysUlliscs 
«!>wo»^rmin6 under conditions similaf'to those described 
In the present investigation, however, quebracliine was 
lound to be present. 

^coholic mother liquors still cout-ained a very considerable 
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amount of etude alkaloid. AUempta bate been nuii? t,^ 
a eatiafactory method of eeparation of the baaea 
Mterial, but to far without very much »ucce«. Evi4nff 
^wmined, however, of the pretence of at leaat t*o 
deecribed cryatalline baaee, but the amounU ao far 
too amall to permit of furth« inveetigation. 

The eeparation of aapidoapermine from the cnule 
the method deecribed above ia by no meant eharp, ^ 
eUted, however, aapidoapermine on hydrolyoe with liihv 15,, 
acida givea a new bate, deacetylaapidoapermine, whu), ^ 
diatilled under greatly diminithed preaeure, and is itf, ^ 
aoinble in light petroleum. 

The crude alkaloids obtained from the alcoholic nu tw *1, 
after eeparation of aapidoapermine were tlierefore boile) »,((, p ^ 
cent, hydrochloric acid for two hours. The aoluliori »u ^ 
filtered and the fdtrate made alkaline with aniinoiiiiim 
The precipitated baaea were collected and dried, aii.i t«ili ii,.,, 
material and the alkaline filtrate then completely , 

light petroleum. 

The extracts were combined, the solvent removeil hy .lliti; 
and tho residue diatilled under 1—2 mm. pressure. The .ia«.a 
which collected between 210“ and 220“, was dissolved in l.n y 
acetone, and on cooling crystals of almost pure ileacetvlji(iiji(i 
mine melting at 109“ were obtained. The increased smoutii d 4 
isolated by this procedure corresponded in some Iristjncn »iU 
much as 40 pet cent, of tho amount of aspidosjiorniiiie crifiii 
obtained. 

The amount of aspidospermine present in quebracho lurk 
to vary considerably. From one batch of bark (.in kilos 1 1 « 
of only 0 06 per cent, of aspidospermine was oblainel, jIikv 
from smaller batches yields up to 0 2 per cent, were oMainei ! 
total alkaloid of the bark varies considerably with age. .tct'fi 
to Hesee {loe. cit.), the young bark contains up to 14 per t»;i 
alkaloid, whilst old bark may contain aa little as 0 3 per erti 

AtpidoipermiiK, CjjHjjOiNj, crystallises from alcohol cr ^ 
petroleum in needles melting at 208“. It sublimes mi-i'i * 
ished preeaure at about 180“, and can be distillesi imder 1 . a 
pressure at about 220“. It is fairly readily soluble in ra«t rft 
solvents, but almost insoluble in water. It ia preci)iitat<rl h; 
from acid solution^ a white, amorphoua solid, winch 1*0* 
crystalline after lUpbig for a few minutes. As|>id»iw'''* 
only feebly basic, and does not form crystalline salta. h 
in concentrated sulphuric acid, forming a colourless scluuta ’’ 
which it may be recoverec^ unchanged after proloiige te'r- 
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dichromato to this elution rivM 
:donU(», which benmM ohve-giwn aftor som. time* On 
^ with perchlonc acid, aapidoepermine gives « rom-red 

Ja«permiR. ii W^tory. Oefermiuation, of i(a apeoific 
lift po*«r lollowiog reauIU : 

i, alcoholic lolntioii at IS®. a„ -l-79» (=18], j 

Ml chloroform aolntion at 18°, Oj, -1-68“ c = 1HI ;_i i 

corresponding values obtained by Hesse {l„e. ciM *■„ 
(tv^'sud -83*6° respectively. 
i, formula CaHj„OiNj, originally due to Frau.le „«,| later eo„ 
wl by Hesse, was confirmed by analysis (Found f’-v.-o 
tAt .S-8-3. Calc., C=74-5; pl^ ’ee't:) ami 

farther oy the constitution of the bases derived from it 
nl) oe seen lielow. 

l^rmm^on of «>* molecular weight by Barger's microscopic 
irod iT. 86, 286) gave the followiug result; 
iiSt in 0 549 pyridine =0 25 mole. M.W. = 408, 

CjjHwiOjNj requires M.W. = 356, 

I artermiuation of the methoxyl groups present in the base was 
jcKcording to Perkin's modification of Zeisel's method- 
i;!31 gave 0 1406 Agl. OMe=8-7. 

Cs,Hj„0;Nj requires OM6=8-7 per cent. 
lK,.l«permiiie therefore contains one methoxy-group Further 
with hydricKlic acid up to 300° or rather liigher according 
[ilrrns and Meyers method showed that the base conUiiied no 
IwUiyl group. 


nrAConof BoUing Bgdriodic Acid on A.pido.pcrminc 
Formalion of a New Bacc, Acyidotinc, C„Hj,ON2. 

Itvu ob»rved that, aftor treatment of aspidospermine with 
^ whlf Pmination of the methoxjl group, the 

hj distillation consisted of needles with a metallic^ lustre 

PusSr o'"“- 

wand a Lif esp^fospermine was boiled 

^ At toe enH °f hydriodic acid 

^ bv dto ,1 1 - t hydriiidic acid was 

^»hon wa. 61te~d dioxide. The result- 

d'tered from a small amount of flocculent materiil, 
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and made alkaline by the addition of ammonia. Xi, 
amorphous precipitate rapidly became crystalline, ari,( 
collected and dried. The product was almoet pure, j, i ^ * 
0'81 gram. ^ 

For purification the base was recrystallised from ^ 

xylene, when it was obtained in well-formed, rectanuuljr 
platee, which melted at 244— itfio afUr sintering 
Repeatei^recrystallisation failed to effect any chance t( 5,^^ 
point: 

0 1260gave0-3526 CO, and 0 0994 H.O. C = 76.3; H 
016,34 „ 13 2 c.c. N; (moist) at 20“ and 763 null k 5, 
CijH^ONj requires C=76'5; H = 8’7 ; N = 9 1 [ler e,i.. 
Aipiiloiinf. is fairly readily soluble in alcohol, eiiiyl 
xylene, very sparingly so in chloroform or light |atro!fu,- ^ 
almost insoluble in water. Its solutions in organic selvcin, ,„3 
coloured on keeping, and the base itself was inv,iri,ili!y ,,,, 
coloured. For these reasons accurate determinations ni the 
jKiwer of the base could not be made. It is larvorotulorc, i, 
about [a]t, -1G“ in alcoholic colulion. In the ptwiuc j ,j 
the base gradually dissolves, forming a greenish blu.' solmi ,1 
Aspidosine gives very intense colour reactions, li /ij*,;, 
concentrated sulphuric acid, forming a pale ros,' ri .i s; , , 
Addition of oxidising agents, such as potassium rliiiir,;: ,v 
oxide, or nitrous acid produces a reddish-violet colorntion ■, 
of nitric acid added to a few drops of the siilphiirii' ncii » ,■ 
gives a deep orange-red colour. Crystals of aapidi^iii* n. 
with ferric chloride are coloured greenish-bine, grndii.illv rli-: 
to reddish-brown. In dilute acid solution the base gives s i- ■■ 
chloride a reddish-brown colour, which passes tliruUL’h Ir-r-. 
purple to deep red. 

Aipidome llydriodidt, C„H.jONj.HI.-Tlus mU »» 
obtained during the preparation of the base described al«vf ! 
the solution which has been treated with sulphur dioxides::-, 
is added drop by drop, a crystalline solid separates evoii ab - 
solution remains distinctly acid. This proved to be llie liy -r 
of aspidosine, the free base being obtained from it (ii 
treatment with ammonia. The salt is very sjiariiigly s - ■ 
cold, but very readily so in hot water, from which it it} 

on cooling in regular octaliedra and cubes. Its mcltinr 

above 280°. The salt is anhydrous : 

0’1048 gave 0'058e Agl. I=30'3. 

C„Hj,ON 8,HI requires 1 = 29-8 per cent. 
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'if ®/ H tfdrocMorif Aciti un A^pidmjKrminr, 

f\.,amlioa of Oeoerfj/hjtpidutjKrminr, Ca,H.,ON„. 

of upidoApermiue was heatod for ihroe hours at 100° 
^ 10 t f of P*'' '*"*• liydriH-liloric .icid. Tlu> rosult- 

I jefatiou was rwutiarad alkaline when an amorphous liase was 
Inpiutfi. which ml keeping for a short time hecame irystalline. 

p.ileiTcii anil recryatallised from dilute acetone, when it 
p„l lein:. prismatic needles, melting at llO~lll-\ 

( lj;,Oi.jveU 3803 COj and 01092 ILO. 0 7(! .h ; l| g g 
„ ,, 0 } 11-4 c.c. N. (moist) at 10“ and itlT mm. N O llC. 

„ 01362 AgI. OMe = 9'7. 

I 1I,0N'. reguires C = 76-9; 11=^9 0; N.^90; (lMe-'^9 9 per cent. 

readily soluhle in most organic sol- 
;u, but very sparingly so in water. H distils unchanged at ahuiit 
• uii'ier I- -2 .ii'u. pressure. It dissolves in sulphuric acid to a 
.udfss solution, which on the addition of a drop of nitric acid 
n r violet, or of potassium dichroniate a deep brownish-purple 
,t,r With ferric chloride a magenta colour is jiroduced. With 
(riier oxidising agents, such as mercuric acetaU*, a rose-red colour 
p,Hiiii«l. which slowly changes to violet. 

ItavVlylaspidospermine is feebly de.vtrorotatory ; a 2'5 per cent, 
dsiwii ill alisolute alcohol has [a]„ + 2’8“. 
liiMitjliKjiid’itpermine h^driwliifr is obtained when deacetyl- 
BuJiaperniinc is dissolved in a small (|uantity of hot dilute 
ninidic acid. On cooling the hydriodide sejiarates in stout, 
Ktiitt'iiUr prisms, melting at almiit 2-13° after sintering front 
:.i . The salt is very sparingly soluble in cold, but fairly readily 
» :ti liiii water, or alcohol : 

"1131 gave 0 0920 Agl. I = 43'8. 

C'3,IIojONj,2lII requires 1 = 44 7 per rent, 
H'v.MjliUiif.ttyhitjiidospiriiiine is obtained by lieiir.oybd ing the 
iw fillier by Eitilioni's method ^ pyridine solution or by beating 
a I'd- for one hour with bensorc anhydride. It crystallises from 
bine alcohol in stout rhombs melting at 180 -187“: 

v lull gave 0 2904 CO, and 0 0720 IL,0. C = 77-9; 11 = 7 9. 

"■ 1346 „ 7'5 c.c. Nj (moist) at 19° and 764 iiiiti, N = 7 0. 

requires C=77'9; H = 7'7; N = 6 7 per cent, 
li deacetylaspidospermine is dissolved in a small quantity of 
rohyi iotiide, the solution warmeel for a few moments and then 
1 OT«(«I to remain, a crystalline solid separates, which, when re- 
..'Uailised from methyl alcohol, forms well-defined oclahedra 
leiuiig at 176-177“ It has the composition C2„H,,,ONj,2CH3l ; 
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0'1046 g«T» 0 0804 Agl. 1=415. 

CaHaON},2CH,I reqn>w» I=42'o P«t »ii( 

Farmalim of AtpiiotV^rmiae i>V Autyhtwn oj 
atpidotpermine. 

Tbit d«c*tylMpWo.permiBe i» ieiivtd from wpi.losprj,, 
tho removAl of an acetyl groop U further confirmcj by 
ine experiment, in which ain,idoepermine w». formed by 
dloetylaapidoapermine. 0'2 Gram of deace^ylaap,,].,.™,, , 
dimolved in 1 c.c. of acetic anhydride, one drop o lulffa,. , 
added and the mixture hoUed for one minute. The s,J«La 
cooled diluted with water, and rendered alkaline wih 
hydroiide. The precipitated amorphou. ba» wa., 
cr?rtalli«d from methyl alcohol. It wparated ii. m,,l« e. 
at 200—207“, and when mixed with an equal weijlii i.i „ 
, Pennine allowed no depreaaion of melting point 1„ 

^ . .i._ :i Identical With aspidoepennine 


The 




foermine sliowea uu » a 

rSpecte alao it was identical with aapidoapennme 

practically quantitative. 

dclion 0 / iVilrona Acid on Dcacclf«cji<loHnr^ 

of a HHronitrotodmvatm (!). 

If deacetylaspidoapetuiine iadiaaolved in dilute hy.lr.abl*. „ 
«nd treated with aodium nitrite aolution a cryalalhne a«>l „ 
i whS melta indehuitely at about 160-170“ and an im.i^ 
i^ten from a mixture of pyridine and alcoho giv. a ...v 

... , qnp oaoo after aintering from about .DU . Th. a 

2::VS:5a:lretitcitai.iacl,loru.e» 
to obtain a pure compound were unauccesafiil jc .... 
IS out i th* nreaence of concentrated by -■ 

Z tSiita aolution is obtained, frmu -'"f j 

pr^uct could be isolated. If, l|wever. the rcaduni i, u.,. . 4 

line solid was collected waslied j,,,,,. edi 

dUute acetone, from whic ' ^ RecrysUlliMtieu fo® ; 

same melting point; 



mg jttKitx>ii» of quebracho bark, bart I. ■2U1 

j,^g.,f0 2668CO.ind 0 0758 H.O. C=61 7; H=71. 

. H'6 C.C, Nj (moUt) At 20“ Aud 753 mm, N = 14 1, 

" 01084 Agl, OM«=8 0. 

requires C=62 2; H = 6 7; N=.14 5; 

OMe=8 0 per cent 

of tliis product gsve some trouble, aince it was difficult 
^£«i cjiHoriiinary precautions to bring about complete rcduc- 
^ (Jic easily liberated nitric oxide. 

V trtubs appear to indicate that the substance is in all proba- 
I, I .iiironitroaodoacetylaspidospennine, and its formation 
^is |a)inU to the presence in the molecule of a reduced quino- 
I aacltUJ The substance undergoes decomposition by boiling 
lalootiul, bat the isolation of the correspoinling nitrodeiivative 
t ti* » far been accomplished. In the j>resenco of acids more 
decomposition appears to take jdace. 
lueoaUr'O'sieflCCtyfaspidos^nni/ie forms pale yellow jirisins, 
Innj Slid decomposing at 155 — 15C®. It is very readily soluble 
icftoue or pyridine, less readily so in alcohol, and very sparingly 
,01 trier Its aqueous solution reacts faintly acid. When (ha- 
nd III concentrated sulphuric acid or warmed with dilute 
(rfd » brilliant reddish-purple solution is produced. With 
mol isd sulphuric acid it gives a dark green solution, which on 
luoo becomes deep red. With ferric chloride solution no colour 
irodDced. 

kling liydriodic acid (1) M) converts nilronitrosodeacetyl- 
dtlicrniine into aspidosine. 

Ihidnlinn of A ipidospermine with Chromic Acid. 

ltd grams of aspidospermine were dissolved in 40 c.c. of dilute 
Hiutic acid (25 pr cent, by weight). Three grams of chromic 
i tfiT gradually added in small quantities to the boiling solu- 
I iTcl tile mixture was then boiled for five hours. The resulting 
iti'.ii was treated with hot saturhted barium hydroxide solution 
111 ihstiiictly alkaline. The hot solution was filtered under 
■ure. the precipitate repeatedly extracted with boiling water 
Ul the extracts no longer gave alkaloidal reactions, and the coni- 
« filtrates were completely treed from sulphuric acid and 
The aqueous Fiquid was then concentrated to small bulk, 
^faintly acid towards Congo-red with hydrochloric acid, and 
Riff concentrated until crystallisation commenced. The solution 
W aside, and after some time the crystalline product was 
and recrystallised from absolute alcohol. Tlie product 
i e hydrochloride of a base which was set free by 
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ammoDiA and nTstalliied from ethyl acetate in st«ut r,t- | 
ing at 192—193°. The baae U very sparingly eoluble is^ H 
fairly readily no in alcohol, ethyl acetate, or chloriifor,, 7 i 
very marked reaction* with alkaioidal reagenta, hut 
the colour reactions characteristic of aapidosperminj , , ^ 

atives already described. The yield is only about ^ 

the weight of aspidosj>ermine employed, and on tin, ' 

investigation of the base has not so far been possi),],. ' ‘ ‘ 
The hydrochloride forms plates which melt at S.'n 
sparingly soluble in water or in cold alcohol : 

0'0956 gave 0'210-4 CO^ and 0‘0706 HjO. C-6rt ‘i;j{ , 

0 1322 ,, OOC3«AgCI. Cl = ll-8. 

C, 5 lLjOjN,,IICl requires C=59'9; H = 83; Cl^ll ■ k, 
From these results the most probable fonniiU („r ti , 
would appear to be C,jiro,0,Nj, but this cannot U m i , 
established with any degree of certainty at present 

Wsucoas I’ursiouKiii'ai Uiwetixii I.shoiutobik,, 

Ilssse lliu, a K. 


CCLVI.— Some llomolofiues of Ahyti-in. 

By Harry BRADnunv and Chaiiucs Wt.izuAss 

Bentlky and Weizmann (T., 1908, 93 , 435) Jinvc .siiKwii i. ,[ ^ 
hemipinic anhydride condeiisea with veratrule an<l with vy. 
trimetiiyl ether, in the former case the normal biMizfiyil-t-;.?. , j 
is formed, but in tho latter ouo methoxy'groii|) i.s 
hydroxyl, tlie condensation in both cases l>eing afTido.l !y •" 
of flluininium chloride. The object of the prc.seiit wvrk <vt 
investigate the condensations of hemipinic aiiliyiri;- 
4-methoxyphtlmlic anhydride with «-xylene, sTik] tin* i 
quite analogous to those just mentioned, the metluixvv’ri ’ 
also displacerl by hydroxyl. 

The condensiition of hemipinic anhydride with 't xv'tr.* 
nished a dihydroxy-2-xyloylbcnzoic acid, which, as it L’i»- 
dimethylalizariiis on heating with sulphuric and Iktu- an jv 

/ \/ ' ^ Mt' 

, Me 

OH 


Imve the constitution I or II: 
CO 

0h/\/ \/NMe 
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of 0“0 of fl- '»•« >l»net!,vl..l,t„i„, at 

^ t™.!-eratur») »-as ileler.m.ie.l hy uxi.luti.,,, wj,|, por^aa. 

111 ilkahne solution, wl.a,. pvro„,ellitic aci,! waa 
Till, could only liave laH-ii forn.e,! n.xurding to th» 


‘ uH 


i'OJi 


\ 


rii.li 


Oil CO 

'^Me _ 

>/■ \/ 

CO 

^ .aHilulion of the other diiiiethylalizari,, muM 1„. oi||,or 
1 ^,. IV, jr,-„nlmg as tlie original a.id has the nnishluti,,,, i „r 

p;r^i!Ve!v■ : 

^'f* OH t’O Me 


Mil 


'\/\ 

, i ,'Me 
\/\/ 

(X.) Me 
lll.l 


Oil 


V\m.. 

\/ \ •\/ 

CO 
(IV 1 


.. .,ufc of material it has not yet heeii possihle („ ,|,i, 

„,.n.|.'i.sa(ion of 4-methoxyphthalic aiihv.irido with o xvleiio 
M ,«„,.!arly Two hydro.vyxyloyll,ei,roio'aei,ls were obtained 
. rr-ieelnely at :H8C and 184°. The former, on fii.sion with’ 
uiii l:vilre.xide. gave m-hydroxyhenzoie arid, and wlie,, con. 
, 1 . die usual way gave only one hydroxydinietbylanlhra- 
r. ll,e for, nation of whieh points to the aeid liavim- tiu, 
a. MU \ nr VI: ” 


f-'0\ 

CO.II 


Me 

I 

\/ 


(V.) 

! e qainono V^JI or VIII ; 
CO Me 

nil /\/\, 


011,^ Yo,ii 

(VI.) 




M,. 


Me 


b.Mo 


'■\/\ 

CO 

iVII.) 


CO 

0l|/'"'^^'^\ 

\/\/\/ 

CO Me 

(vm.) 


Me 


Experimental. 

/hAydro jy.2-xytoy Jenio/c A Ctrl. 

^im^ of hemipinic anhydride were dissolved in 50 grams of 

>^h‘re was then' h t* !""*"™^ gradually added. 

. „ “ on the steam-bath for about six 

8 R 
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baun, «b«n it «u pound into ice and water 
through to remove the eiceea of o-xylen*. When c. ! i 
collected and purihed by solution in ammonia am; 
with hydrochloric acid. The product from whirl; r, 
could be obtained crystallised from acetic acid 
melting at 238°; 

0 1242 gave 0 3039 CO* and 0 0622 H,0. C^e.’, 
C;,H |,05 recjuires C=6713; H=4-90 |,rr , 






Dimtlhyhlitarini. 

The above acid was heated with sulphuric ati] 
small amount of anhydrous boric acid for a shi rt ; . 
and the liquid after cooling was poured into ire ;,i, i 
the dimethylaliaarins separated as an orange-yelluiv j.i* „ 
were separated by making use of their sohihiliiv ir. jw. 
The dintethylalizarin melting at 198° was resfiiiv „ 
that melting at 276° was sparingly soluble; e.irii it;.’,, j 
orange-yellow needles, and resembled ordinary ;; a 

pertics. The compounds readily dissolved in .wiliun. j,, 
a deep purple solution, which dyed mordanU'd cu!;, ; j 
shades being obtained according to the mordant nMi'l 

The substance melting at 270° was analysed : 

0 0682 gave 01780 COj and 0-0266 HjO. 0 71 l| ; 

C, 5 lI,jO, requites C = 71-64; H=4'I7 j.-r 

The dimethylaliaarin melting at 276° was ; 

ium permanganate in alkaline solution, and afli r n; i^i 
excess of permanganate the filtered liquid w.is "vii. m 
dryness and the residue extracted with alcohui. 'h; i.i.u 
of the filtered extract and acidifying, pyrnimliii:. i« 
obtained. 

Il^droxy-%xyloylhentr)ic .! ci'i/i. 

The condensation of 4-inelhoxyphlhalic aniiydrilr a;.; : 
was carried out in en exactly similar manner to that 
the preparation of the dihydroxy-2-xyloylbeiirwo s ;;i 
product, after being purified by dissolving in ainmniij ir.ijS 
tation by hydrochloric acid, was boiled with beiuciif. l-n 
appeared to pass into solution, and the re-siihie an'-r ;u 
apparently consisted of only one acid. This was nn!i.' * 
acetic acid, in which it was fairly readily solnhlf, aivt 
on concentration deposited small crystals raeltiii; at 
fusion of this acid with potassium hydroxide was earn"! « 
follows: Five gr»“s were gradually added to l,i et.™ j* 
potassium hydroxide, and the mixture was heated at 
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«■« dissolved in boilin. w.Ur 
K.l„!ion acdided witj, dil.dn sulphuric acid. On cooli..,; 

f j (rvssallued out. aud which, wlien recrTsUllisA.) tr„ i ? 

.»• ..d ... a,.„M .. ...rx;:”'.;:- 

.rom the above ac.d was extracted several tin.es witli 
, a .er evaporating the ether a residue remained but 
j,*rthy.ienioic acid has not yet been isolntcl i,, » pure 

l.,„.cne solution mentione,! above w.as evaporated to a 
,»!k, and crjsUla were oblaineit which, after further ervstal 
I,, h..,« lieniene, melted at I 840 . The amount, however" was 
^ «..T.iiiigly small proportion of the total yield of acid.’ ' ' 

Hydroiydimelhyhnlhraqumone. 

1 . i, „l melting at 228“ was heateil with sulphuric and boric 
. I,d on pouring tl.e mixture into water a pale green powder 
o,.„uc,i. Thu was collected and crystalliseil twice from 
>.,.1, ynddmg small, pale green needles, melting at "lOo 
■ sr .nuiioue was detected in the product; ’ ' 

Cdve ymeo CO 4 and 0-0630 n.,0. Cdr 7 rc 8 i;. H-p 78 
(',, 11 , .Oj requires C = 76-19; li = 4-77 jier cent. 

/'rc/.iratwn of i An!, 

■ r iui ..MierinienU 4-methoxyphthalic a, -id was prepared bv 
r, ■in.l Wermanu, metho<l {U,r. cU.). This was found 
to give a comparatively poor yield, and the following 
hv.ds.levueih 4-Hydroxyplitl,alic acid (1 mol.) was dissolved 
.ae.and methyl sulphate (4 mols.) and anhydrous poUssium 
Liie f mots.) were added in tliis order. The miitnre was 
'V„d m ,a„ 0 , 1 -bath for ^ hours at 135-140° and 

r m' 7 "''I “"J the x’yleiie 

s,'.r,dc.| from the aqueous portion. The latter was extracted 

'■C Tl" ' ft ’*''’ ethereal extract added to the 

.1 r . The ether was removed by distillation and the xvleue 

I . .olution dried and evaporated, and the residue 
under diiniiiished pressure. The vieHnf , s 
varioH frnm fin * on y ol inttliyl 4- 

t.r “"t., depending on the 

<1 <lu pa^go of steam in which it is slightly volltile 

XXS"? X”’ . “m.. 

skTdnde inverted into 

" I'lvtiairr, 

^"'SrfTEr.. 


8 H.2 
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CCLVII . — The Disiociation Pressures i>f ij,, , 
Bicarhoiiales. Part II. Potassium. " 
and Caesium Hydrogen Carbonates 


By Robert Martin Caa^en and Henrv Jit-ii -s Sni,,. , 

In a former pa|ier (T., 1911, 99, 1359) we recnnif- i i - .. 
our study of tlie thermal diasociatiou of sodium }i\ ^ 

ate, and sliowe*! that sodium carbonate inoimliv 
formed from the bicarbonate within the tempetatiijr ■. 
experiments. It was stated, however, ])y Hermann / . , 
1842, 26, 312) that the sesquicarbonate, X;i,|| ;i’(i - 
results when the hydrogen carl>onate is hoatc! t ^ , 

formation of the sesquirarlwnate from the hyiirn^n-i! . -r‘. 
denied l)y lAOscamr (.'him. Phy*., 1822, |vi , 25 ; 

we detertninefl to establisli the simpler manner - i- . 
of tlie Itydrogeu carl>onate under the conditions i,f i,ur 
by the direct estimation of tlie proportion between v. iv- . 
and carbon dioxide in the gaseous phase. 

For this purpose a glass reservoir of 50 c,c, cajiaeuv 
on the one side through a tap to the tube lcailiii>i ]]■<. 
containing the iieatcd bicarbonate, and was coiimd.'.) j 
side with calcium chloride and soda-lime absoriiniin ' 
reservoir and alisorption tul)es were exliausted . iti«- t 
then heated above ItXF, and the tap communii utii,; a- i 
flask opencfl so that the gaseous mixture mighl '-xim , i 
reservoir without aqueous condensation. After r W'a v v|ai 
taj) was closed again, and and carhon m \ I- ■»; 

tlie reservoir were carefully transferred to the uhiiirji, 

It was advantageous to allow some of the water tn . : '■ 
the reservoir, and subsequently to remove it by >’"w i-. 
and an arrangement was made to carry forward the 
water-vapour and carbon dioxide in a stream of purr • i 

The foliowj^pt results were obtained witli 
carbonate : 


Tenijx'mtnres 
of thermostat 

101 - 5 " 

101 - 8 " 


H.,0. CO.. 
0 -oil 8 0 - 020 .> 

0-0108 002:>9 


H 'I 
! : I ' 


These results were sufficient to show tliat wati r i' ’ 
to form the hydrated sesquicarbonat?, O.i . H ' 
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«rhon.t« is Iwatw) ,i,e mnaiti.ni, of our 
L,s,..i=, iltliongh they do not ,im-lu,lo tlie possihiliiv „f 
M«feii sodium rarboiiale and so,lm,„ |,vil,o..en .•nrlwii 
laforo >u wihydrous intermediate salt siu li as \-a''l| ) 


I PotumuM }/f/ihoffrti i'tirhinuitt. 

L B;fiitioiie.l in the former jiaper that la.s,.,eiir i l„„ 
^ (t,., ISHl’, [vij, 25, measured (lie .Ikwiatioii 

,.f Kslium liydrogen earhouale. ohlaiu,,,;; r.siilis ii„„.|i 
P ..lijn (liose obUiiied by us. The aj.parKus euii,l„v,'d hv 
, /»«, Vhm. /%*., 1889, IviJ, 16, 989) ,i,fiored iu priiu 
,!r..ia Uiirs, and eousisted of a Urometer tiilie siirroiiudeii liy 
) 4 .kel. Tlie substance was contained iu a small tube ill 
pure alwe the mercury, and gas could be witliilrawii from 
by means of a narrow open lube which p„sse<l down- 
P Uircucli the mercury. It is noteworthy that the viipour 
of potassium hydrogen carbonate nbsm veil by l,esccrur 
..ijliily lugher than ours at the lower temper, tliires hut 
,a(h rliwly to theiii at 127“, the highest lemperalure at which 
•,it)wu acre made by I,escoeur. These results are shown hy 
c«rv« on our diagram. ^ 

dt. study of the tliermal dissociation „f polas-siuu, hydrogen 
is.le the possibility of the foriuatiou of a bvdraled coi.niouml 
tiul carbonate and hydrogen earhouale, or of tlie retention 
,uf ly the normal carUiiate, had first to W ron.sidercd Sine.. 
e!;|»rsliirc of sensible dissociation of potassium hydrogen 
. itr IS considerahly higher than that of the .sodium salt, the 
■..'■11 m iiilermediate compounds containing water seemed 
*: I'M likely than in the case of sodium. The iinalysi.s of the 
c nlnse resulting front the decomjwsition of (iot<is.sinni 
C'M i.irlsaiate provided, however, direct evidcnni that wider 
ffiamed to form such inlennediate eonipounds, 
iwK-'iienls made in the manner descriUd above yiehlcd the 
■'.'rtnlU; ^ 


I- 


bi»Mtnrt' 


I*;. 

I'dM 


H;0. lO,,. 

«(MI8U ««2:w 
0-WW8 OOJ64 


.Mitlfculiir 

r»iUi>H„ 0 ;€()„ 

1 ; I D? 

I 


'I 0 .'howii I, hat poUssintn liyilrogen earhouale disitociatc:, 
' '''‘'■>"’"ate, carbon dioxide, and water. 

• "biwre >u ^ 
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TLe disnociation pre»ure$ of pobninm hydrogen . 4 ^!,,, 
meanired in the aame way as those of sodium hydr^ ^ 
and the resuIU obtained are here tabulated, toget hr: 
calculated from the equation : 

\osp=a-bjT, 


•■4 In 


where at =:10'832 and i=3420. 

It should be remarked that at 120*^ and upWiir ^ 
pressure of mercury becomes appreciable, and consu l ;. >■ 
reciion has been applied to the preeaure readings f •; . 
temperatures. 


l*otaMnm Hydrogen Carhonuu. 


Preasuro m mm. of nkcnjui v 






Tofii(H’r»iture. 

Kiaing. 

KaJliiig. 


I.'il » 

ulon 

— 

ii..t 

l,Vt« 

7330 

— 

''i 

147-M 

— 

503- 1 

:.<n, 

137-7 

— 

3U-7 

li.’o 

Vil-i 


184-1 

ix, 

lltM 

— 

124-1 


Ini n 

— 

55- n 


tin - 2 

— 

24-6 

w, 

7(1- 11 


114 

II 

03-7 

— 

4-1 

1 

nr* 

31 2 

— 


l()3'.'i 

57-7 

— 


U(J-I 

1112 

— 

ii: 

127-4 

102-0 

— 


i:w-4 

322-8 

— 

Xi'l 

140-3 

471-4 

— 


153-4 

663-1 

— 

•■r 

155-4 

7i3-8 

— 

'ill] 


These experimental values are shown in the liguiv in 
the calculated curve, together with those of sodium, r^i 
csesium. It may l)e pointed out that in this case ih-' t Aj tnr» 
values lie along the calculated curve Ihroughnul 
of temperature. 

Ueai of Dissociation of Potassium Hythoyrn Hnr </' 

From the value of the constant &=3420 tiie he.it ■ : 
of potassium hydrogen carbonate per grain-riiolei u!v i : lo 
duced is calculated by means of the equation <y h C: " 

15,730 calories, since Iog(10-2'30 and 72-2. As in i;/ 
sodium hydrogen carbonate, the heat of dissoci.Uu i:. 
gram-molecules of potassium hydrogen carbonate iiiav !"■ ■ - • 
from the thermal equation: 

2[KHC05]=[KjC 05]+ {HjO) + (tU! 
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PART 11. OJ5, 

Df tom»tion from their elemenU of f gram-molecule 
^,,0 t,j^rogen cr^nale a.„| p„, 

« u> li* Forerond (Com;il. rrn,/ 1909 lAo -.ni ’ 

3.* ..d m,.7D j;, 

I ,j ,.f »4ter u s^m *t 100“ am) of oarlim, .liosi.lo to b» 
.,.a ar.MO calonro respectively, ..32,830, i„s,e«d of 
> i3K»!at«i from our results. ‘ 

aiiJ Caetium //y</riiyc„ Vi>r(,ui„ii,s 

»ml caesium* hydrogen carbonates were nrenared fr.>.„ 
.„dl cirtonaUs aroording to de Foreran, I’s n.ethll 
-9,., 149, 719) by exposing concentrate,, soln.tfnf ,! 

to an atmosphero of carbon dioxide in a desiccator 
;.a=f aulphunc acid In some earlier experi.nents on tl.e 
Luce pressure of rub.drum hydrogen carbonate a small nro- 
Sc of tl,e nonnal carbonate was mixed with it previous to its 
IdCeu into the ^ction flask, but, owing to the very hygro- 
s.turc of U,e la ter salt, it was judged better to produro^,, 

. ,d .. suflicen to secure the satisfactory reveal of the 
by l.csting the btearbonate in the reaction flask itself 
d.r.!,.ng out the dissociation products. Since it ha.l been 
t„.n j.tassmm as well as sodium hydrogen ,.«rbonale yields 
..cum,, products cqu.molecular pro|K,rtions of watcr-vapeur 
.rl-„ , oxide, It was at first thought safe to assun.e that 

^ :ml .^um hydrogen carbonates wouhl behave 

I . hu , owing to difficulty in interpreting the experb 
b. .cu » 0 be recorded below, the composition of the gaseous 
I . » cstnaate,! m the case of these salU also ^ 

r irtcnn, nation of the dissociation pressures of rubidium and 
^. eydrogen carbonates wa, carrie,! out in the apparatus 

ii m Z S were 

i.«i,it 160 , and gas was repeatedly withdrawn at fh,f 

-are U„,, , reLrati': :! pZ 

■ la t ,e ca» of ciesium hydrogen carbonate, about 18 grams 

’en 


i 


jd, .^were observed ’in 


, ^7“' u,e reeling substa^I^Z . urZ'Ser ^ 

that the temperature of the air above the sulphuric 
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acid bath was slightly lower than that of the a( i • , ^ 
thermofiteter and reaction flask were immersed, j .. 
mercury within the thermometer took place, and . nf;v 
readings might be several degrees too low. This 
partly overcome by fixing the thermometer so th a t; - . 
mercury column was always above the level of ib- .. . . 
thus introduced being negligible. When, liow^ver, . 
ments of mercury thread appeared in the upper [nsri f 
meter, it was necessary to reject the readings. 

The following are the experimental results 
with those calculated from the formula logp-^ -l, j , 
RhUCO;^, a = ll!712, h^AZOO, and for CsHiii 
b ^ G300. 

Rubidium Uydroijm Curhomi^r. 


Pn-MHuro ill mm. of rnen ur,, 


TunijMTttlurc. 

Rising. 

Falling. 


HiO 

— 

594 1 



— 

451-7 

•i;: 

i:io:{ 



197-9 

I'.: 

U'O-a 

— 

no- 5 

i.« . 

10«-3 

— 

75-5 

.■•) j 

07 3 

— 

49-3 

ij’ 

Ul-2 

— 

40-9 

> 1) 


— 

184 

o: 

12 7 

— 

0-7 

III 

l(l(ir> 

51-5 

— 

Ji 1 

1201 

07-0 

— 

1 

i:n-3 

211 0 

— 

!:i 

m-H 

32.3-1 

— 



405-9 



Kil-U 

(123-7 

— 


170-0 

1,038-4 

— 

1 or. 

lOt-O 

— 

750 rj 


15K-4 


552-5 


13I-;1 

— 

392-2 


143-2 

— 

247-8 

:'iii 

i;w2 

— 

179-0 

IM 

121-2 

— 

96 3 

1.; ' 

112-0 

— 

75-4 

;C . 

Oo-Ji 

. — 

49-8 

11 

13-0 

— 

00 

II 1 

lli-4 

7C-0 

— 

.'i'l • 

l3«-f> 

2171 

— 


147-1 

343'2 

— 

;;i«i 

ir>;t5 

44(5*3 

— 

1.': 

158(1 

6(>2'4 

— 
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Ciittiiim ll;4ilraii,,i Ciirl„„„ii, 


T.-ji'.i't-raturp. 

li-ti I 
i.Vil 
Hi-T 

iliV.’i 

-.•^5 
umi 
ii: u 
i;,t;ii 
I tO (l 
i.'.i « 

1 

hi'jy 

r.y* 

ITTO 

IT'.is 

I 

ir.vi 

loii I 

l.':M 
]**:> 
i.v> J 


l*n-s<ur.- ill i„i„. „( 


Uitkih);. 

Kulliiii:. 

< HjfulatOil, 


__ 



j»i: 0 



ISUlt 

14(1 

“ 

li.Vif 

3'.l 1) 

— 

.si 

-T 3 

— 

4<i ■» 


— 


1 ti 

i8-s 

Ui 

1) J 

47 > 


i ' 

7U-3 

i(Mh7 

— 

I'lii 



l:'l 

;*07 

•SMH 

— 

•Tiii' 1 

• - 

3(17 

,VJ9 7 

847- 1 


(id) 



S3| 

l.o.'ls 


\*\->\ 

!i:‘l 

— 

73, 'lO 

7311 


(ill! 

(i:’4 

— 


:is -2 

— 

lUl II 

L'o:* 

— 


\:v: 

— 


li'll-u 


Ul 3 

;nij 


ri'siilt* (liffor HI an iinportiint wav I'rniii 
k- |-.la,vMiMn liy.lrogen carbonate. For whilst llie Oipi.riiiientiil 
,.,o li. .il.iMg the curve Ihroiigliont its whole length i,, tlie case 
I H!" )K.taa,siiini salt, it is only the pressures above irit<“ with 
tMnnii hy.ircgen carbonate, ami above Ifi.-io with ea'sinm hyilro- 
r. ^arbinale, that agree with the values calculate, I from the 


.'.v..rl„„t pressure values were obtaineil at the lower ten,,, era. 
!•" Ill Ihe ease of sodium hydrogen carbonate, Imt thew were 
I «|| Ui he due to retardation, ascending value.s being too low 
: •ieisemlmg values were too high, itere, however, a.seemling 
- i'*'i„ hng values agree; they therefore appear to indicate a 

■ 'qiiihhrium. Consequently „o single curve of the tyjie 

■ ■■ ' / can be drawn to rcjiresmit the c.xperiiiiental values 

'■’■"I 111 the dissociation of rubidium and ca-sinn, hydrogen 
• i-ites, and it became necessary to investigate the cause of the 


^■;-™l-l best be done liy the analysis of the gaseous phase, 

•SVI ^ but in 

^ »d W1 h rubidium hydrogen carbonate. About Itl grams 

• titter salt, pulverised and drieil over sulj, boric acid in a 
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vacuum deoccator for aeveral days, were boated in the 

to 120° for twenty-four houra; the flaak waa then ^ 

any water vapour that had been evolved waa drawn < J (i. 
calcium chloride tube. The delivery tube waa then at, T ‘ 
weighed calcium chloride and aoda-lime tubea, am] 
heated to 170°. The producte evolved at thia temjjcnti^ *" 
paaaed through the abaorption tubea by maintaining a 
prcaaure on the farther aide until it waa judged thaj 



absorption had taken place. The flask was then c.vlini-'' > 
the wliole of the water-vapour and carbon dioxide col!ni-' i c 
absorption tubes. In two successive experiments U ai: I 
gram of water ami O’MOO and 0'1835 gram of carbon dn x:i; <■; 
collected; these correspond with the molecular ratios 11 it t'\ 
1 : 0 94 and 1 : 0’98. Thus it was shown that wafer v.ii-.'n: ■ 
carbon dioxide are evolved in appro.ximately cqinmelfinto 
portions from rubidium hydrogen carbonate at 170°. 

The reaction mixture waa tbeu allowed to cool soniewlnt- ^ 
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brtweea the two components of the gnsooua plmse 
, temperatures approaching and eorreaponding 

I iiaae at which anomalous pressure values appear on the disso- 
curve. Owing to the small quantities of gas evolved in 
^ fsperimeuU it was necessary to allow the absorption to 
over lengthened periods of time, amounting at the lower 
^rtiiurte to two days; nevertheless, interesting rosulls were 
aiider parallel conditions, which are licre shown : 



H,0. 

CO.. 

Molt'culur ratio 

Mi' 

O01U7 

0-0507 

1 : l OiO 


0-OU7 

0-0343 

1 : -Di" 

ii] 

0-0053 

OOlOK 

1 : -M? 

l?T 

O-O0S7 

0-01G4 

1 : -TTO 

\th 

0-0160 

00330 

1 ; -703 


lOjore a <lefinit« interpretation could lie given to the undouhted 
;;sucy of carton dioxide or excess of water-vapour in the 
P,.JS pliasc at the lower temperatures it was necessary to know 
, rilw Mweeu the amounts of these substances remaining in 
I rmitie. To discover this ratio a fresh experiment was carried 
1 siili 1 grain of carefully dried rubidinin hydrogen carbonate, 
,li sas heatcil in the silica flask previously employed in the 
,nmeiita with sodium hydrogen carbonate, this flask being used 
noid Die possibility of the absorption of carbon dioxide by 
III throe successive experiments carried out at It'ljo the 
i'siajl molecular ratios were found: 11..0 : CO., 1 : (I-?;!) 

1 , 1 ', I :J)'C62; but on ignition of (ho residue thia ratio was 
r l M le 1 ; 0-995. Thus it was shown that excess of water 
wilt Ml the gaseous phase at the lower temperatures is cxlrami 
• ».ter, and is not derived from the preferential loss of water 
Stilt itiielf. 

t,c-.il.ir exi-criniente carried out with a small quantity of casiiim 
if Cdi carlwnate pointed to a like coiiclnsion. At 17:)® and 

. me molecular ratios found were IW) : CO.,: I ; 1 009 and 
l l'i respectively; at lower temperaturee water vapour was 
I..y evolved even after all the carbon dioxide bad been 
liiWel, 


h tivl lieen concluded that the rubidium, as well .m cxHiniii 
i-..’ V.-r carlionate, prepared for and employed in liiese oxperi- 
was pure and dry, because the loss incurred cm ignition of 
►;-»icr salt closely agreed with theory; but it remained ,,oasi),lc 
0 ’ agreement was due to compensation, and that the product 
rubidium normal and hydrogen carhoiiates, 
' *****■. A further experiment in which 1 gram 

J dried as described above was heated, and all the evolved 
were collected and weighed showed that it contained 
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0 0804 gram of water instead of 0 06I4 gram, an i : • 
of carbon dioxide instead of 0*1500 gram, the total 
being 0-2081 gram instead of 0'21I4 gram acconi a,.. / 
The anomalous pressure values obtajne<l at the lowtr i, 
with rubidium and canium hydrogen carbonates ar- j,j 
tlierefore, to the following cause. 

The salts employed contained a certain proportif^n • „ 
carlmnates, together with some water tenaciously ![>•;, j . 
careful drying. This water was not j)reseiit in 
iiowever, |>erceptibly to interiere with the e<(iiiji 
portions bt'tween the water va|>our ami carbon <!> x; > 
from the bicarbonate at high temperatures and prts>;frKx ^ 
removal of wjnm of the gas; as was proved by dirnt 
(see p. 2758), an<l by the fact that successive rcitiii!, 
Wfien, liowever, the temperature was lowered aiul rtbv r: : 
place, excess of water vapour, although small as re;; 4 r 
lute value, would become relatively great owing to ii„. ,, 
of the total arnount of gas left, and would tlius U'<Mhv 
ill greatly increasing the observed pressures. The .lu.-i,. i; 
exist in the lower parts of the dissociation pre^iiM- 
rubidiufti and <-:csiuin hydrogen car)>onate8 are 
to be attributed to the excee<lingly liygroscopii- ji-dur.- 
normal carbonates of these metals. It may lien* In* ji' .:.- 
moreover, that the curves would tend to become fiK, ^ 
account of any small excess of water vapour prt‘.s<*!it m 
phase. 


Uritfn of /Jisst,ri(t(ioti of ItnhuUmn mill ('iiniiiu Ihi.ii 
Curho/iatfs. 

Fn.nn the (’(pialnni 7 -higJ 0 /<V», xvlien 5 i;;('n 

resjieclively, the heats of dissociation are calciilatc.i (• 
rubuliuni hydrogen carlmnate 19,780 cals, and for i 

carbonate *23,980 cals. 

According to do Forcrand {f'oinpf, mul., 1909. 149, ‘ 
heats of form-atiou per grain-molecule are 231,920 aiul :^i'l : 
for Hl)HCO.; and RbXO^, and 232.930 and 274,510 cal-, m-j 
for CsHCO;, and Cs..CO.,; whence the heats of 
two grani-inolecules of RbllCO^ and CsllCOj are caiiulio 
33,800 and 36,260 cals, respectively, instead of 5:' 
59,960 cals, derived from our results. 

We are unable to offer any explanation of ilu' '1'" 
between our tlierrnal values and those of do Fnnr.m'! 
values miglit he approximated by tlie reduction I'l tiu- \ i 
in the equation log//=:rt-5/7’, which would involve .t rt' 
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tl» rorrM|Mii<liiij> prpssiirn iiirves. 

, ffu'ii potussiiiiii tn rtesiurii is Wfll sIiuhh 

Ij, fiijtire by the iuorease.! curvature ai)pareiil uii.lwav in the 
.in.-ti IS especially apparent nitli ca-siuin. 

I Kai liceii shown above, however, that the only cause of error 
,, ,C at present recognise, that is, ,hc .lepaNure from cqni- 
walsf prc|wrtions in the gaseous phase, wonl.l Iwve the opposite 
irt.-y of making the curves too shallow. Consequentlv we 
..Imil the validity of reiliicing the values of the constant 
J two equations. On the other hand, whilst we cannot 
, „,v cencral iriticisiii of the conchisioris of ile Korcruid it 

i ‘'"“y on dimiiiishine values 'for 

!,«is of forination of the^ normal carhonates froiii potassinni 
(niuiu, namely, K,COj = 27.')„t70 cals., Rh.,f'Oj.~q74 <J0(l cals 
,ti,. iUMti cals.; values which we should cerlaitilv a priori 
L^iff inijiftjbable. 

rrtuli.s of our experiineiits on the dissociation pressures of 
i..a!i hnoarhonates show, not only that the stalnlitios towards 
i, ,! tia-o. Mlts increase with rise of atomic weight ami acconi- 
imreasc in eleclropositiveiies,s of Ih.e metals, hut also that 
l;.ca hydrogen carlionale is whlely separated from tile other 
Yr wliii Ml »iUbil}t y. 

r .o. liiore is furnished another e.vamjde of the fact tint n 
... .criirs in the gradation of properties of componinls of tin. 
larljls at the )ioirit of transition from the short to the loin' 
Ill the penmlic chissificatioii of the elcineiils ^ 


Vr desire to express onr indehtedness to the Kesearch Fund 
- lU-a- ot the Chemical Society for a grant which has defrayed 
Cl tiip cast of thi.s investijjation. ^ 


ivilt-siirv CoLLR.K, 
V .irisi.irAa. 


Tax .SlK Jons Cass 
Tk. ii,sicai, l.ssrm is, 
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C'CLVIll . — The homeric Transformation n/'.-i,,,,, 
Methyl Sulphate, and of Substituted 
Methyl Sulphates; the Interactio)! j 
and Methyl Sulphate. 

By Emil Alpbonse Websek. 

Tk a recent coinmunicatioo (this voL, p. 925) containii,^ j. , 
ot the study of the decomposition by heat of tlie nji tiiV! . , 
of certain iiocarbamidea, it was pointed out that aum.if. .,,. . 
sulphate can evidently undergo isomeric change wlan ! »,. 
accordance with the equation; 

NH 4 -MeSO, = NHjMeHSO,. 

This interesting reaction, which does not apjisiir , 

hitherto recorded, was only noticed as a qnaliuiu,. 
connexion with the investigation referred to ahme. A : ^ 

mate study of the change has now been made, the r. vij. , ; . „ 
have shown that an isomeric transformation on the Im.. ,4 
above is apparently a property common to all suh,Miiiii.ii . ,, 
ium methyl sulphates, where such an interchange in the t 
a hydrogen atom and a methyl group is possible, 

Titus when methylammonium methyl sulphate, the 
paration of which from ammonia and methyl aiil|ih:ti(' i. i-, 

further on, is heated it gradually changes to the 1 

amraoniuiti hydrogen sulphate, 

NIIjMe-MeSOj = NII,.Mey HSO„ 
and the further progress and limit of the isomerir ini, a 
may be expressed by the general equations: 

NlIoRR'-MeSO, =NHRR'iIe-IlSl 1 , 
NURR'R''-MeSO,=NRR'R»Me-llSO,, 

Whilst the alcohol radicles may be variants, the < 

appears to be restricted to the methyl sulpli.itcs, ;.-:m 
ammonium ethyl sulphate nor ammonium aqirojiyi » 

found to undergo any isomeric change. Decoiiijicsitii ii 
formation of ammonium hydrogen sulphate ami ((iiiv"' a 
propylene respectively was the only result of the active 
on these two salts. 

The results of a quantitative study ot the c.xlent r f i* ; * 
change with rise of temperature in the case of .imnioma:,'. • 
methylammonium methyl sulphates are given in tlie lihhs !'■’ 
the time of heating was fifteen minutes in all the e.vppnnicr.!". - 
comparatively short period was chosen, as preliminary c.rffmwi 
showed that the velocity of the isomeric change was rliielii s • ■ 
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(jif lemj)«l*ture- Since the methyl sulphates under incesti- 
jj were found to be neutral in reaction, the progress of the 
^ wis readily measured by determining the acidity developed 
4 , i r diift al the end of each experiment. 

Tablk I.* 

NH/MeSO, ^ 

IVniJH'fH- iVr iMMlI, of 
tun* iattnicrif rlimii-tv 
2-'0 -JJU* 4j; 3 

iio -•.»:»« 7:14 

2:'.a 2fili S.V.J 

27.» yTi: 


MftV 

ij’t n5 
KW 

jiHj -205 


per cent, of . 

iBonteric cluinfs'e. | 

70 i 

y-4 

113 j 

U.3 ! 

25-8 


Taui.k II* 


NMfjMe-wMeSO, NMI,Mo,-I!S<V 


Pcrooat. of 
isomeric fhftiij;*-. 

jt^i 2-0 

Ij;. NO 0-4 

l,'.o “'2 

[M i:r» 8-3 

i;t(t ;‘ 1 W 13-0 


Ti'toporii I'i>r t’fjH. of 
lnr«' jsttiiii'rii’ olmii^!*’, 
210 -I’-Ji) :iM 

230 - 2411 oO-l 

2.**0 2iiii si-;i 

27.1 i)7-H 


■ : f iHiiiilefu Ittr tlte tt;ii»|*or4tiirt'3 from 240 npwardi me )tig)ii<r llian 

^ !r> ti.:!!*.'. '■« arcimnt of llte siuall amoiiiil of MjcoiuUry thasii^'f tefernd to in 

H nieriaf-yi*! }'*rl. 


h ail! If wui troiii tlu* above ibal iti Wli tanea the amount of 
vr.cfTk t-liange is small until a icni}>prature of about 220'^ is 
M-i.ed; ifvoiul tliis it procoe^ls rapidly, ami is almost complete 
e.I.V. .tfifj with the exception of a slightly greater ninoiiiit of 
►■ri‘ns3!if'n for the lower temperatures in the case of ammonium 
K.ivl sulpliafe there is practically no difference in the general 
Irt^r of the change for these two salts. The inniicnco of time on 
of isomeric change is s]n<al! even jiust below 220”; thus 
I lirt c.^se of ammonium methyl sulphate after lie.atiiig for one 
‘-;rdt 2n<i -205° the percentage of isomerisation was r.iiscd from 
K * Uor fifteen minutes) to 34*2, whilst with tho metliyhimmonium 
V! at 210--220° there was an increase from 34'1 to 40 9 per emit, 
cf the Mint} difference in period. 

A few different types of substituted ammonium methyl sulphates 
been examined, all of which apparently undergo an isomeric 
and in the case of derivatives containing more complex 
groups or a phenyl group this proceeds more readily than 
the methyl sulphates recorded above; for example, methyl- 
^f-^pyUramonium and phenyldimethylammonium methyl aid- 
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•»r 

{ihnte^ w#Te foiiiul to iiiwWgo isomeric cliange to 

ufiout .15 and 48 jxfr cent. res|>ectively at 140®, whilst t-v.-. . S 

there was a very appreciable amount of change. 

It U ho|>e<j to make a s)*stematic quantitative stmU- ^ 
of different methyl aulpiiates as soon as opj)ortunitv ^ 

As regards the mechanism of this iaomeric chaji.'.: f ... 
very probable that dissociation, as the first step f wi. 'j 
stable equilibrium, precedes the formation of the . '' 

when ammonium methyl sulphate is heated it will ^ 

the prmUution of ntetliylamine and sulpliuric arjij 
ammonia and the very unstable methyl hydrogen 
from the union of tlie dissociation products the stiil !,V.„ 
methylammonium hydrogen sulphate will be formed. TinsKf .. 
tion is ill agreement with tlie conditions under whith tiiv 
cliange lias l)eeii shown to take place, and also witli ti,^ U.' - ^ 
tlie methyl sulphate.s of the feeble (benzenoid) luiiinni.iin 
undergo isomerisation readily at correspomliiigly h.w.r 
tures. Considered from a practical point of view, th^. 
of this general isomeric change is likely to prove nt s j-i.. 
since it appears to place in our hands a metliod m- r.* 
any of those hitherto available for the prepara(i(-ii 
8 ul»titute<l inetliylammonium bases, more particulariv ' .. ,3 
of the ease with which the methyl sulphates may l>e jin-j .irn 
the iiiteridion of the amines and methyl siilphatr*, in , 
witii the general equations: 

(0) NH.,R + Me-SO^-NHoRMe-MeSO^. 

(A) XIlk + Me^SO^-NJikile-McStV 
Tt also explains cert.ain discrepancies in the results wlu' ii L,' 
published hitherto with regard to the above reactionv T!;;.', . 1 
Claessoii ami Lundvaal 1880, 13, 1G99) have ) 

ammonia and aniline respectively react with niftliyl .-ii.: u 
according to equation (n), they state that in the r.ise ' i ? 
amine and methyl sulpliate the products formed art* i:'::'! 
ammonium and {limetliyldietliylammouium methyl 
more recently UHmann 1903, 327, I*l}i. J 

examined the behaviour of aniline and a number of 
homologiies towards methyl sulphate, has arrived at tlip o ;.' -d 
tliat in the case of aromatic amines the interaction n' l ' ^ 
the course descril^ed by Claesson and Lundvaal (/»<*. ' •' < 

primary amines is to be represented by the general iHjiian-Mi 
2NH2R + Me>S04 = NH.R-MeHS04 + MlMeli : 
for example, with aniline the products formed are stated - I 
aniline methyl sulphate, methylaniline, and a certain n’l, t 
dimethylaniline. The experimental conditions adopted, nu r'' 
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■■ i(()5 

i,, I'liaAim, ^ raoh that much heat waa allowed to develop 
mlen.cUoi>s, w.th the remit that n.ore or leaa iso.ner c 
^ have taken place to which cauae must la> attribuW 
^nctaona amved at regarding the general order of 
,^rtwn. The teaulta of expenmenta with aeveral different 
^ jhpiiaUc and aromaUc, have shown that if care be taken 
.wid anything more than a alight development of heal the 
^ with methyl aulphata proceed in « p^fectly atraieht- 
uiauner m ac«rdance with equations („) and (h); practi- 
, ^umtiutive yiel^ of the anbetitnied ammoninn, ,L,I,v! 
iuive beeq obtained without any trouble. 


ExPERIUENTaL. 

o/, md Aeti,m of Jtral on, .d Mr//,,,/ 

Suiphaic. 

r,.e:Vileeing method of preparation was found to give a fairly 
„ ;;rld of the above Salt ill a high degree of purity, 'phe 
,i.i( h«»tmg a mixture of 50 grams 'of pure 

av, d™lwl and 100 grams of pure siil|.liiiric aci.i on the w'ller 
t M lulf.aii.hour was cooled and directly neutralised by 
1 , III powdered commercial aiiiinoniiim carlmuato until witii 
.U...u,mal addition of a small quantity of water, a nasty 
::i Udme mass was obtained; this was extracted with shout 
01 Isiiliug methyl alcohol, the cold solution was poured off 
. ..,.v .i.mm„iiiim sulphate which separated, and coiiceulrated 
va lulf the yolume by careful distillation. Wbile hot ll„. 

:. n wa,, again ponrcl off from any substance whicli bad 
.1, and on cooling it set to a mass of tliin, plate-like crystals 
1 V.I 1 I 1 S lustre. After a further recrystalli.salion from ahsoluto 
■p alcohol the sal was obtained quite free from even a trace 
and was almost neutral i„ reaction; ;p. grams of pure 
■ ‘m u.cthyl sulphate were obtained from 50 grama of metliyl 

■i .ue «lt melts* at 137°, and is exceeiiii.gly liygroscoidc • it 
a.-.ulile in ethyl alcohol than in methyl alcohol, hem.,. 
ci.ie of the latter solvent for its purification. 

■ ' icr 1 , study the progress of the isomeric change, a series of 
-i'sioulaiuiiig weighed quantities of the well-dried salt were 

• a I, a h of glycerol for fifteen minutes to the desire, 1 tem. 

• , he bulb of a thermometer, passed through a loosely- 
I rk, was kept immersed in the fused salt during each 
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experiment. The product was diaeolved iu water 4,^,1 
directly with .V-MxJium hydroxide, inetbyl-orau^e Uir.. 
indicator. Ou account of the very hygroscopic ijaiiirt ’■ T’‘ * 
it was not advisable to attempt to weigh out a siimUr j ^ 
each experiment; from the equation: * ' ' 

NH^-MeSO^-NH^Me-USO, (M.W. = 
it will be readily seen that 129 grams of arniii.,Lij.; 
sulphate would require, after complete isorneris.iti ,11 (, 
A’-sodium hydroxide for neutralisation, hence tjic v, , 
molecular {tro])ortioti were calculated from the 
obtained in the different experiments, and as 
expressed in terms of percentage of isomeric clia!i;»t^ % 7 * 
under table I, the full details would be of no parlindir v* 
ani have therefore been omitted. 

When ammonium methyl sulphate was heaUii . j 
and upwards, a slight evolution of gas commciin-.i 
minutes’ heating, and coiitiimed very slowly to tlif ,i,i 
experiment; this was found to be ethylene, the 1 ..:,. 
secondary decomposition, namely, 

2N K^-MeSO^ f 2NH^H.SO,, 
whicli to a very slight extent accompanies the maiji isunuTi . , i-, 
From 20 grams of ammonium methyl sulphate, after 
the most favourable conditions, 8 9 grams of nicthvlHt;;;:;' •, 
chloride were ultimately obtained, corresponding wiili « • ^ 
cent, of the lhe(jretical yield for complete isomcrisati-ni; i," . ■ 
secondary decomposition referred to above has m> i- '.-, 
on the main change. 


i'rfjxirntiou of, and Action of Heat un, .Vr/AvAimr/i. ^ . 

Methyl Sul //hate. 

This salt was readily prepared, in quantitative yield. I v ;i».j 
a current of dry ammonia iuto a solution of pure methyl 
in about fifteen times its volume of benzene until the pn-iu.! i 4 
keeping for one hour, had a slight odour of amnifnin. u.- U 
containing the solution being immersed in ice cold wiil^r. T''a 
gradually separated in micro-crystalline form; it was (jui!*- ' i 
less, neutxal in re.iction, and gave an absolutely r-u 

when tested with barium cbloride solution. The dry s-ilt 
52*^, and is very hygroscopic; its purity was confirinod ly -v ^ 
and hence the reaction is correctly represented l)y the - 
NHj + Me 2 S 04 - NHjMe-MeSO^ ; 
the formation of some ammonium methyl sulphate, rec*’: 1 
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..fii yl liy.lroj;pii siil|,|,«U> 1.1 1 1,® e,(,.r ,,,(..1 

..tioa of tho proftro*. of tl,o i*„„eno dw.oo.. 

.„u..n .nethyl sulphate ,s l.eale.! was earns,) out exact iv 
of tin a»„., 0 .„«,.. salt; the results 

gn h-r ^ 

/, ',r„rt,Vi« of Arniox 

in th^o experiments was p„rir,e.l f.om any a.i.l 
sl.ak.ng .t w,fh a so at, on of scii,,,,, hv.lroxi.l/.,., i 
p.:, separated es er was then ,lrie,l over anhydrous sodiu 
ami used directly without redistillatinii 

■’■" I •''■"V-ofe (e.,„al m„Iee,.|,.r propor- 

1 T,. a .s<.K.t,on 0 M grams of freshly .iistilled a.iilii.i i„ 

: benzene, 12 G grams of ...ethyl snl,,l,ate ,|ias„lyed in 

■ Wnzene w^re added; there was very slight deyelomne.,t 
at,n.t Sder a short time, minute, thin, glisten^ing plZf : 
..rate. After twenty four hours these were eolle.le,!, wash . 
tcueae. and dr.e.l over sulphuric acid ami afterwards for a 
mue in a vacuum. The weight obtained was 21 'I erams 

: timay requires 21<) grams if the reaction pr„eee,fe,| in 
lone willi the equation; 

(',lti-XIL + Me.SO, - C„ir,-NIUIe-CH,SO^. 

= iqae<,.u., solution of the i,ro,tuet gave no pre-ipitate with 
1 . daande solntion, and on the a.ldition of l,leaclliiig.pow,lI.r 
. ). srd a f,.w drops of dilute sulphuric acid, a ,leep iiulijo-blue 

, tl.v ! >;eq'<>'-e»bO,-=«-8;! per cent.). 

-.'^«;-tl.,la„imo,.iun, methyl sulphate melts at 159° and 
■ 1 - . -meric change very rea.Iily; this was strikingly .Umom 
;« d. benzene filtrate from the preparation, whicli retaine.l 

■ of the salt m solution, in the following manner - a 

> S '„ii, „ 1 ^ ff “ with hariiiiii 

l>leaching.pow,ler solution, a 

^^"'rlhvlanlline '"tL ““ fil''”'’'''’ 

■ -'dad water earJ 

wftl, “ u/ f^."*-";**** on the wafer.bath an, I 
, n applying the test reagent a precipitate 

^ "ilwir is quickly dflTeloped ^ ■f'ldificalion an intense 
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of barium aulphat* waa imraetiiaWy formed as n ^ 
isomeric change. 

The experiment was reimateil, using an excess o: . . 
the weight of crystalline precipitate obtained wa.s j tjr. ' 
same as before, the excess of aniline being found Uhii i, 
hensene filtrate, thus proving that the interacli. i. ' 
strictly in accordance with the equation given above, ir j 
failure to recognise the isomerisation which takes | Uie ^ 
was responsible for the erroneous explanation of tin ,, 
by Ullmann (ine, cil.). 

Kxpt. 11. Mfthi/lmtUiiit and Methyl Sulphate ff-ju.,; ^ 
proportions).— To 10'7 grams of pure methylauiluin ,i.» ,,, 
76 c.c. ol benzene, 12 6 grams of methyl sulphate . 

its volume of benzene were jdded; a clear, pale yrjlti, ^ 
ally separated, without any appreciable evolution of i,,j( 
after twenty-four hours this was collected. Tlie ^ 

waa ;t2 grams; the theoretical yield of phenyhliin.tliy!,,;'.; , 
methyl sulphate formed in accordance with the ei|ii:iti,,,a 

N I f Me -f MejSO, = CoHj- N H Me ,■ .\l . .si i, , 
woulil be 23'3 grams. The oil when added to water i u : i, 
solvetl with the separation of some benzene, and any , 
expel the latter from the oil by heat ws,s accompaiii.-l tv n-,- 
of isomeric change having taken place during the |ir 
leaving the oil for a week in a vacuum over siiljhura c 
product quite free from lienzeiie was finally ohtaiiinl. Ti- .i 
residue, whicli showed no signs of crystallisation, was lii i -.Mi; 
but gave all the reactions of a salt of dimethylaniline. ai, ; 
product could be detected in the original lienzciic 
the oil, the yield of which corresponded very elosi iy »nt', i 
pound of the salt with a molecular proportion of i 

would require 311 grams. This property of forming a i. 
pound with benzene has already been noticed liy I’i-rs'.: 
Lundvaal (f»c. cit.) in the case of ethylaniliiie cdiy! 

Expt. III. Diprupylamine and Methyl Sulphati (niiii: '- a 
proportions). — This experiment was carried out as ni ii;' 
case, with lO'l grams of dipropylamine and I J C gro ) s 
eater, a clear, almost colourless oil quickly separatiiic * ■ ' 
evolution of heat. The yield of oil was 30'8 grams, wiiii-i 
retical yield of methyldipropylaminonium methyl snlfiim'' 
be 22-7 grams, and for a compound with one molecular jc u 
of benzene SO’S grams. In tliis case also an atk-mp! u ; 
benzene from the oil by heat *as accompanied by iscni'n. a 
the product, freed from benzene by the means nienkc'-' 
Expt. II, was a viscous liquid, the aqueous solution oi 
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^,,„ute barium chloride «>l,,ti„„_ „„ dietil|„,i„„ 

prias^iurn hydrorid* pve methyl, Uprepy)a,„i„p which was 
,„g*i hv the anelym. of its hy.Irochloride (Found P]-ori7 
(^ 0 ,= J3 '13 per cent.). ’ ' 

II and III were repeated, using an ettcees of the 
„„ce »mine; in ^ch case this excess was found unclianged 
^ hc.,i.'ne separated from tlie precipitated oil, provin" that 
, w«ou,Ury aminM also the reaction with methyl suhdmte is 
Cjind mol^ular proportions an.l i„ accordance with the 
f(i\ fi^uitioiiA airway given. 

Ammo,w,m A'My/ Sulph„u ,n„f Am,„nn,„,n 
n-Propijl SuJiihdte. 

.lumnnium ethyl sulphate was readily prepared in v.'rv 
i , 1 , 1,1 l,y .lireetly neutralising crude oihyl sulphuric aeiil 
pare! m the usual manner) with commercial ammonium car- 
shsolutc alcohol being iiscl for the extraction and rccrvd d 
„f the ammonium sail. The yield was .,8 grams of the 
,c.n,p.u.ul from 50 grams of ethyl alcohol, no altempl being 
r wocer a further quanUty from the mother Honor The 
. .1. orysUlhses from alcohol in thin, flat, rhomhoidal .misins' 
tb li.ivc l«n easily obtained in a length of 
iwiiii; a brilliant, satindike lustre. ’ 

ii.iBonium ethyl sulphate melts at 97° (nut G2° ns stated in 
.u. works of reference), and is not noUhly l,ygr«opic which 
0 , emirary to the published slatemenis, 
b-n iifiilcil the salt decomposed r-ipidly at ahrmt, oooo p, 
kml,,,,, of ethylene; after fifteen minniav, at this lemperatnr ' 
hlati'l P" i- °ocor, lance will, 

I NHpEtSO, = C,H, + NH,-HSO, 

pr.eyl„„me could lie detected in the residue, thus proying the 
(•r III any isomeric change. * “ ' “ 

rZ e i« a manner similar to 

I rapidly at lfiftlfio' wllWh'"'' deco.n- 

f tIEMICAL IiARORATOKY, 

“'■'‘■‘TT Coi.UOH, Di'BLIN. 
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CCLIX.— SurfiM in the Camphane ^ 

XXXVI. }i-Chloroaminocamp},..r, 


•By Martik Omiow Forster and Max Siiii intj, 

The auVject of this communication was producc<l u. -i , . 
the reault of alteinpts to shorten the process for ohi 
camphor (camphorylazoiniide), the original metlio.1 (T : . | 
826) being too circuitous for ordinary application. 

The possibility of replacing the halogen in a chh r . ^ , , 
a bromocamphor by heating these materials with s/idiin 
first tested, without success, when Raschig's descripti.,,. : , , , 
method for preparing hydraiine (D.R.-P. IMSUT ; A 
1029) suggested the production of camphorylhydraziii.. i; ,, 
by the action of nitrous acid, camphorylazoiiniili. si,.,,,; . , 

the principle rendered familiar by C’urlius. On a.i i, . ^ 

chloroamine to dissolved aminocamphor, however, a ; . 1 , ,,;^ 
was precijfitate'l, and instea^l of having the pr'.pfr' ', • 
exjiectod of caiufdiorylhydraiine, was found to c.ioi-' , . 

aminocamphor. There remained a possibility .. 

camphorylhydrazine by the action of ammonia on ih,- . ... 

but experiment showed that the removal of hydruei-:, .. . 
takes place in such a way as to produce iminoeam|.|, r. : • 
preparation of which substance a very convenient .meil, .! 
been brought to light: 



•NHCI 


sir, 
— ->■ 


HCI + C, 




-> I'.ii . 


The reaction, in fact, is directly comparable with th,! '• . 
iininocamphor was obtained originally : 








tjlII-N' 

■CO 




It'.; 
t' 1 


the wrencbiiig away of two atoms — nitrogen .-ilonv ;ii !:• 
triazocamplior, hydrogen and cbloriiie in tin- i i..- •: 
aminocamplior — so disturbing the alTmity relaliun- m i . 
nitrogen as to cause migration of hydrogen from lliC w ' 
carbon. The alternative explanation : 


iH Cl: 




-> HGl + ('sH„< 


c:nh 

I 

CO 


was tested by the preparation of camphorylaretyl iiifr-.:' 
(aceto-.V chloroaminocamplior) and treatment of '' 
with ammonia, which led simply to tlie regenerati a 
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( iniplior iBitMd of ««to-iiuinocaiiiphor, or camplmnpiinoiit' 

iiiat'd*. 

,uj.!i not tli» 6rst ropreseiitntivo of iU class, llio simplest 
, ii.rthylchloroaniiue. liaving boan prepare.! in 1 S 93 , 

,i,jt rhlorosniiiiocainplior is proBsbly (he first inaterial 
ty[»! to be obtained in crystaliino fortn, and, as might ba 
[ol. it i* * very active and unstable substance, oxidising 
II ie.iide and sulphurous acid in the manner of an acylatod 
alkyl nitrogen chloride. It rapidly undcrg<a.8 a sp,.ntane- 
L change. Ilie undissolve.1 material being lransfernie.1 in the 
^ of a few hours into a honey like mas.s, whilst solutions in 
parlous cpiickly deposit amimH-amphnr hydrochloride, and 
^laiii the anhydride of cyanolaiironic aci.l together with 
^rydallisahle products. In acetone the ehlnro.imine also ehang..8 
t) jmuus-amphor hydrochloride, accompanied by a crystaliino 
Bpaiid (m. p. 155°) having the composition PiclkaON; this has 
S identified with any known compound, hut the oipiation ; 

t',„ir„o.\x'i + L’cyieO.- iici < l'itj) t ...on, 

i-jit s.>-miiit (or a product having this empirical forninhi. 

Whiist ammonia converts ehloroamiiiocain)ilior into iininm 
mphor, aromatic amines are oxidise.! by the snl.stamv, wliich 
hydrogcu from the amino-group .ind imsses into amino- 
Bphor hydrochloride. Thus aniline yiehls azobenzene ; 


‘i’'u<^ 


,’H-NHCI 


.k2C,H..NH,= 


S K'sp'Q 


■K’dis-NlN’t:,!!,, 


tdii plienylliydrazine loses its nitrogen. 

[Mnng ,1 few days’ suspension in water, the cliloroaniine eliaiiges 
t. j oryst,illine material melting at 95°, along with amino- 
c.pvr hydrochloride. The new compound, whi.h is pro.Iuced 
o »i;pii cliloroaminocamphor is dissolved in siiljilmiic acid is 
CSIW a .lerivativo of nitrogen chlori.ie, ami is relate.l to cam- 
rnc imi.ie, yielding that substance when healed at li)U°. Owing 
;U uiijtable character, and the consequent difficulty atteii.liiig 
s.r»>. we cannot be certain of the empirical formula, although 
[lb,0;XCI,HjO is indicated. 


Exferihentai.. 


a Chloroam iiioaimphor, C, 


IH-NHCI 


■'» Slid solution of aminocamphor hydrochloride prepared from 
psnuof iionitrosocamphor, as already described (T., 190.5, 87, 
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113), was chilled with ice end treated with chtor', 4 iT , . | 
330 c.c. of a lodiDm hypochlorite tolutioo (containing 3 
available chlorine per litre) and 8 c.c. of ammonia (i) ^ ^ 
to 50 c.c. The soluti^ remained alhaline to lituiui 
colonrleea oil aepsrate^vnmediately and rapidly .soijij . .. * 

three hours in ice, during which period eeparatiou oi , * 
amine was complete, the aubetance waa collectej, r( 1 
on earthenware, and for all ordinary purpoees was nsr,; . 
form, 30 grams being the amount usually obtained. 

As the substance is extremely unstable, purificatinn a ; ,,,, 
must be completed in one day. Such specimens wcrv |,i,| 
mixing the ingredients overnight, leaving the biis|hj! Ii-i .,,.j 
in the icechest, and Ottering early the following n, 
roughly dried material was immersed in cold [«lr I. ,,.. 
40—50°) in quantity insufficient for dissolution, ami i!;..;. 
with calcium chforide, the amount of which luav le 
develop with the associated water enough he.il Ui lii v;,, , 
excess of the cliloroamiiie without perceptibly rai.drig i||i> m...„ 
turo of the solution. This was filtered and rai>ii!lv ivq..,-, 
under diminished pressure, when there separatetl riolul a;;.., ,, 
of colourless needles melting at 43° and denimpciing i; ,. .. 
at 86 °: 

0'3730 gave 0'601 2 COj and 0-1976 HgO. t;.= 60 ;(;|| )| 
0'3042 ,, 18'8 c.c. Nj at 23° and 758 mm. N 7 il. 
0'2641 contained 0 0442 available chlorine. Cl;-- 16 7, 
C,oH|„ONCl requires C=. 59-6; H=7-9; N = 6-9; CM7 6 1 .. ., 
Cliloroamiiiocamphor is sparingly soluble in cobl wat<'r, b.: - 
solves very freely in all organic media; it librntis ii ;;:,* 
aqueous potassium iodide immediately, bnl before liir.i,:’ - 
liquid witli soeliiim tbiosiilphate it is better to add alee! 1 I ir: 

few drops of glacial,, acetic acid. Even the purilini 

cannot bo preserved, because it changes in the cmir.-e > f 1 I 
hours lo ,1 yellow resin, liberating chlorine and liydrngf ti etl n* 
tliis alteration takes place alike, wlicllier it is ex|Wf',| 1 , tr» ; 
or situated in a desiccator containing soda-lime, ami 11 un i 
if the material is widely and loosely distributed. 

Although the conditions of preparation appear to prw.us- ' 
possibility of the foregoing substance being the hypcrio r:> 
aminocarnphor, the hydrochloride of the base was mi.xrd in 'T'" 
solution with sodium hypochlorite alone; this preclpit-ilfl sc 
which did not become solid, and which underwent expb firr 
position even while suspended in water. 

Action of Sodium Sulphite.— The simple relation leivren 
chloroaraine and the original base Is esteblislied by tlie ' 
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, f/ tif under the influence of sodium eulphilo. When 
^ prei'sred chlorowninocamphor is immersed in solutioa of 
the herd granules rapidly become pasty and afterwanis 
I ilsf .vii'ur of sulphur dioxide Ving Mb^b’le. With further 
^ the oil disappears, leaving mmall proportion of 
^eniainone, whilst the main bulk of the chloroamiiie is 
Jested ID the filtrate by salts of aminwamphor. 

in flrnrenr.-Solutiona of the chloroainine in 
metis change at various rates, an.! alwavs yiel.l amino 
l,vdroohloride. Thirty-foiir grains of fresldv prepared, 
dried chloroaminocamphor were dissolved iii'llHI c.c. of 
.Iriwl with calcium chloride, liltenvl and left in a desie 
« eeaUining soda-lime. Iii the course of a few hours amino- 
L4,.r hydrodiloride began to separate in eoloiirleia ncetilea 
[p.„i„g with passage of time until about M grama had acrumii’ 
Iri ifter the lapse of nearly nine weeks; nieadWhile the air in 
I .irtinator liberated iodine from polaiwiiiin iodide, and the 
Him remained active during more (ban four weeks. t)n evapor- 
i!,e liltered benzene there was depc.sitc.l a bright yellow, 
Ktlilie niass, and although this weighed more tliairi2 grams' 
t liwit 1 gram of crystalline material was (d.laiiiiMl from it! 
Rill jiroportioii of this was camphorqiiiiione, sejiarated by 
.disc the honey successively with small liiiaiitities of light 
tdraai, which dissolved that sulistaiieo; the re.siduo Iwame 
dind t’r.iriular, and on being dissolved in a very si, mil qiiantilv 
.1 methyl alcohol was deposilcil slowly in eolonrlfM crystals 
m recrystallisation from the same solvent, formed colour! 
ri.ilM melting at 17-l« (Foiiinl. tl (It)-;); J) };■;{, jg g.-j 
lAX. r, -quires C- 69S; If.- 81; N 8 1 per cent.). The 
was thus identified as the aiiliv.lride of cyanolaiironie 


a' ibange whieli diloroaiiiiiiocainidior iindergocs in pctrolciiin 
■« the same course, yielding ainiiioeaiiiphor liydrocl, Inride and 
iTojiortion of the anhydride of cyanolanronii' acid, 

i„ .deetone.— Fifty grama of Hie chloroanii.ic 

0 .lis»lve.| m 50 c.c, of acetone at zero, the lirpiirl slowly becom- 

1 -revn After twelve hours in the iccchcst a heavy, almost 
■’•^ 0,1 had separated, and as this did not di.s.solve on adding 

more acetone the liquid was set aside during one week, 
d became homogeneous and much darker, whilst 7 3 grams 
brown crystals separated. The filtrate affected the eyes in 
■inner of chloroacetone, and did not deposit more solifi ,if|rr 
ri therefore diluted largely with water, 

prenpiuted a brown tar, and from this, by rubbing with 
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cold methyl alcohol, a further 2 grama of cryatalliiu. „ 
recovcrefl. On treating the accumulated aolid with ' ’ 

(1 : 1), 3 5 grama remained, and the fdtrate con;.li,,j,r 
camphor hydrochlory^ The aolid residue diaaolvoi fr*. 
ing alcohol, and cr^lRiaed in lustroua, very palf, ^ 

melting at 155®: 

0-2070 gave 0 5931 CO, and 0 1723 p 

0-1917 ,, 9-9 c.c. N, at ‘23® and 763 mm, N ■ , 
Cj^n-^jON requires C = 78 4 ; 11 = 9-4; N= ,5 7 |„r,,- 
The aul*stance ia freely soluble in benzene or etlivl ii>. . 
dissolves readily in boiling jjetroleuiu, from which jt ,, ‘ 

ently crystallised, 

Action of Ainmijiiiii. — Frerfily prepared elilotoum,,, 
was covered with ammonia (0 88) and stirre<l at int. rvah i, * 
oily in less tha^ one hour, afterwards changing to a Idri 
iminocamphor; as this substance is extremely niistalil.; j,,, 
be recrystallised, it was identified (1) by qiiantitativi. 1 
into camphorquinone and ammonia, and (2) by th.. 
magenta coloiation developed with formaldelivilc ,,i.i , , 
mclhoxide (T„ 1908, 03, 250). 

.Iction of A minci. — As already stated, the foregoinij 
was made with the object of preparing eampliorvlln.lMicf ^ 
the result was totally unexpected. The action of varica. 
was therefore studied, but the most definite result w,is i/.d 
with aniline. Nine grams of chloroaminocamplior were >,.1 
ether, and having been dried with calcium chloride, tin- » 
was mixed with 8 grams of aniline. On the following div,, 
of arainocamphor hydrochloride were removed hy rilin'. .. 
the dark brown liquid, when freed from ether, w.i.« 
dilute hydrochloric acid to remove excess of aniline. Tl.f r -. 
tar became harder when rubbed with a small quaiiliiy .1 il. 
and having been drained from the latter, was extraitcd 
petroleum, which deposited azobeniene on evaporation 
When treated under similar conditions with iliplinciii' 
mixture of arainocamphor hydrochloride with ammimiiiiu ■ 
separated, and these salts were precipitated also bv i 
amine, but azonaphthalene could not be identified in tie 
brown, viscous material deposited by the filtrate. With tf 
hydrazine the action was extremely violent at the nrdiinr; 
peraturCj but on mixing dilute ethereal solutions 11 t » 
materials at zero very slowly, arainocamphor hyilroel:; :i • 
precipitated and a steady liberation of gas took place. 

Artioii of Water. — Ten grams of chlornaininccanii': : ' 
covered with about 30 c.c. of water and stirred at iiitervj:>. A 



snolB IN THE CIMEHASE SERIES. PART XXXVI, ^775 

^ d,n the eubeUnoe, at fint granular and denae. had swollen 
and had becoma soft; the following morning it had 
^ .iMS* •«*“ »nd very hard, whilst flat, colourless nmlles 
P gilded in the pale yellow liquid. The solid wei<-he,I 
whilH. the filtrate, after extractfh twice with eth°r to 
^ , very amall quantity of camphorquiuonc. deposite.1 on 
i;vr»t»" d grams of aminocaiuphor hydrochloride mixed with 
„rr Mil.'!! proportion of ammonium chloride. Jleaiiwhile the 
isriMs crystals, a leas impure form of the hani, granular mass. 
„ , tain I to set free iodine from pota.csium ialide, ami when 
^:„i 111 elhyl acetaU, using the device already adojiled in 
fliloroaminocamphor, petroleum precipitattsl flat, colour, 
in tellate aggregates. Newly crystallised, the siil, stance 
Ktei at 9j^ evolving gas, but when preserved in a desiccator 
rtiising sodalime, it changed into a material which melted at 
did not liberate iodine from potassium iodide, and when 
^ivel in hot water gave the imide of camiilioric acid (m, ji. 
;.r,: the latter is produced also when the substance is heated 
i.ii , chlorine being liberated: 

iiyot cate 0 3887 COj and 0'1471 ILO. Cv.- 50 ' 8 ; g.] 

nlSdi „ 9'3 c.c. N, at 18® ami 77i r> mm. N- 0-|). 
i-.it'Vi ci'iitained 0'04985 available chlorine. C’l -4d'4, 
t'„H,jO»N'Ci,lLO requires C-51'1; H N= GO; 

Cl = 15‘0 per ceut. 

IVf Mrrilie the indeterminate result of this analysis to the difli- 
iyr ill removing the last traces of petroleum in a substance, 
owing to its excessive instability, must be analysed immedi’ 
i.y llie compound is freely soluble in organic media, but dillcrH 
K ciiloroaiuinocamphor by its sparing solubility in cold petrol- 
c It is also produced when chloroamiiiocamplior is dissolved 
c licentrated sulphuric acid ; 10 grams of tlie freshly prepareil 
iWul were added in small quantities to 50 c.c. of ice-cold acid, 
h-'n »as shaken vigorously during the process, chlorine Ijeing 
triif'l. After lialf-an-liour, when effervescence ceased, the liquid 
K l-iirei on crushed ice, which precipitated a colourless oil, 
[n.y solidifying; the product weighed 3 3 grams, and when 
CTsailiaed from acetone diluted with water formed lustrous 
melting at 95°. 

^'-'fJorMceto-arnhweamphor, 

acetyl derivative of aminocamphor was 
»ii 111 aqueous sodium bicarbonate at zero, and treated 
-in icecold solution of sodium hypochlorite; after twelve 
le product was filtered, washed, and dissolved in cold methyl 
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alcohol, from which water precipitated Inatrous, .iij, ^ 
melting at 78°: 

0 1600 conUined 0 0218 available chlorine. Q M j 
CiiHuOijgCl requirea C1 = H'5 per ci :.! 

The sulMtance ia freely eoluble in petroleum, ac> tor.» 
alcohol, and liberatee iodine from potamium ioili it 
Ammonia doea not traimform it into aceto-iniinoci:, , , 
merely regenerates the acetyl derivative of aminociiiip, 

In conclusion, we desire to express our thanks ti, ^ 
of the Royal Institution for their courtesy in pl.u m,. j i;,, 
at our disposal. 

Tbs ntvv KiHtDAv hAsoasToiiv 

or The ItorAt Isatitctiox, W. 


CCliX. — The, CorroituH of Iron anil i/< .ly,, \ 
to IkU'.rmine the Itclatirc S>ni,(jtli\ ,./ j, 

Uy John Amieht Kewton Frcend and C’iiAic i - Wjisu, 
Makshall. 

It is now a matter of common knowledge that fairly iwuet.'.! 
solutions of .sodium hydro-vide or carbonate will iiihitit th* » 
sion of iron. In 1911 attention was drawn to the fact ti.u 
corrosive action of aqueous solutions of metallic salts oi r-r 
centration may be completely inhibited by the aiWitimi ,4 ssi 
alkaline hydro.xide (Friend, J. Iron and Strel ln,< . lai!. : 
In view of the clo.se connexion between corrosion and 
seemed of interest to determine the minimum (|niiiiliin. i 
required to iidiibit the corrosive actions of differciit sci- ■: 
discover whether or not auy relationship e.xisls bctwcvu : 
tities and the relative strengths of the acids and bases 
the salts. 

To this end immerous experiments were carriml ciii I y , 
small pieces of iron to the action of different salt snhiti. !:* 
with varying quantities of sodium or potassium liydrinxnlc, 
results were too uncertain and irregular to be of any vb i' 
was ultimately traced to the presence of carbon dioxide m ; * 
which was readily absorbed in irregular quantities in tn a 
hydroxides. With the carbonates and borates of the ahni n 
however, very trustworthy results were obtaiued, cajMhie cl ' 
repetition an indefinite number of times. Ultimately, u.':' 
these were used as inhibitors, the carbonates previnr 
convenient both on account of their simpler constiimien a:.!' 
greater solubility in water. 



DWEBHINR nEI^TtVE ST1IF.XGTUS (IK Alins i7r7 

^ WM M foUow*: Five o.c, of a .V/IO solution of a 

jj, ah acre introduced by uieaiis of a pijjelto into each one 
‘*ri« tube* eoutainiug 1 , i>, 3 , and 5 c.c. 

^,.i Mslimn cirboiute solution respectively. The tubes had 
, pievwnily st«*med out in order to «move auy traces of 
^ matter — a precaution that was found to be absolutely 
The volume of each solution was now made up to 
,, bv t'tc a'ltlition of freshly distilled water. Finally, pieces of 
^ ^^0 iod, measuring 1 cm. square, which had been well 
^<d with old emery paper and not touched with the lingers, 
, vi'iol' one to each tube, and the latter was sealed with a 
„,rk It was found important to add tlie iron last of all 
, iburougli mixing of the aolutiona employed, as contact with 
.-Jereui solution* before mixing appeared to exert some iullii- 
, ,.5 ihe surface of the metal rendering the reaulta uncertain. 
ij„ Mine reason the pieces of iron were never used twice 
T., 1912. 101. 50). The sealed tubes were kept in a 

i, jrd at uniform temperature, and subject in the daytime to 
1 , dilluicd sunlight. After two or three days tliey were 
lined The iron in the first one, two, three, or (our tubes was 
1 uiually found to be corroded, but that in the remaining tubes 
abe was not. 

tie lubes could now, as a general rule, bo kept for mouths with- 
loy further pieces of iron undergoing oxidation. The corroded 
1 ! in cases distant from the end-point gave signs of further 
oicii; hut those close to the eud-point appeared to undergo 
riiince. This is remarkable in view of the fact that only a 
il ir.ii'iiciu of the oxygen in the air in the tubes had been 
del during corrosion. Sulphides yielded a very clear eiid- 
ii duriui! the first few days, but after jirolonged keeping irons 
liad iireviously shown no tendency to corrode were found to 

ii. e osidised, thus altering the end-point very considerably. 
I was ultimately traced to slow oxidation of the sulphite to 
juU. 

,1 re[w-atii!g the experiment* with intermediate quantities of 
ciiate it was found possiblo to determine to witliiu about 6 per 
Ui(* amount of carbonate required to iubibit corrosion under 
I’lrticul.ar conditions of the experiments. The presence of rust 
always easy to detect after a little practice, and it is not 
n-Uble that results of still higher accuracy could be obtained 
111 UBS of more finely graduated instruments, 
best method of observation was found to consist in exposing 
jw-werful light, the tubes being continually rotated in order 
fill spots of rust should not be overlooked. These spots were 
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often iiiiiitito, particularly near the end pointa in t'.«. , 
stronger acids, fre^pieiitly occurring at cornets i.f ^ ^ 

contact with the glass. In the case of the weaker av; ■> * 
of rust produced was, as a general rule, considfiir .. 
rendering the end-point more easy to detect. ‘ 

The rust forrne<l varied very much in appearan*.. 
phates it was while, with an under layer of green ,n 
solution. Sulphites gave a green rust, whicli i,.,] / * 

keeping. Chlorides, nitrates, and sulphates yielded rt-d ; .. . * 
rust; iodides, black. * 

The r^ultH obtained with sodium salts, using 
as inhibitor, are given in tables I and II. The comvmrj. 
the various salts are expressed in terms of a normal . 
tlie amouuU of sodium carbonate required to be . ‘ 

of such solutions in order jiist to inhibit corrosion arc. f... -i, ^ 
of convenience, expressed both as c.c. of a molecular a- Ut., . 
relatively to one another, the highest amount being , 

In actual practice, in the .V/lOO teats, 1 c.c. of a j 

the salt was taken, varying quantities of the carh-uMf*. v 
adde<i, and the volume made up to 10 c.c. Thu.s a better .. i ; ,• v 
wa.H obtainable tlian by making a new solution of the .s.d! 

Table I. 

Sodium Varlonate as lukihitfir. 


KidatiVf lirU';:.. 
coiicenlfBtiHn sU'i.is < 
iSoditim stvh.^, {,'oncontration of Na^C’O, fr-vv . 

SrH). ofNa/'Oj. (XrtU die .. 

Chloride 1-35 100 h*. 

Iodide 1-20 SS-O 

IJromidt! 0-975 72-2 v* 

Nitnito 0-725 5.'b7 

Sulpliato 0-700 51-85 I' 

Fluoride 0-525 38-0 I"' 

Acetate 0-120 8-9 

Sulphite 0-025 1-9 


Table II. 

S(}dium Carbonate as Inhibitor. 


Itelativi- Ke)ft:.vj 
conccntraiioii « 

Sodium salts, Concentration of fnv n- i- 

Nt 1 00. of Naj( ‘O,. Xa,CO, .V I i » : • ' 

Chloride 0-525 100 !'*' 

Iodide 0-500 95-2 

Bromide 0-475 90-5 

Sulphate 0-400 76-2 

Nitrate 0-375 714 

Fluoride 0-375 71 4 i- 

Acetate 0070 13-3 * 

Sulphite 0-035 6-7 
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L plwalion of Hi* Above Ubles reveals llie iiiterostiiij; fiut ih ii 
».!(» «r* arrange,! in ,!es,eii.liiig order of iuliil„ti„g 
r^se o.n,-ei:lratioiis. not only are they in llie order of the 
U«r,g elntrical conductivity of their acids, but ilie relalive 
Urts’ei carbonate aolution bear a general relalionshii, to Ihe 
r .ji i dues found for the atreiigtha of the acids by electrical 
^Kioiiy and hydrolysis inelho,ls. 

I ,.jl .i!to I* observe,! that on increasing lb,' dilution from 
a,ic ' I'"’ relative amounts of the carbonate rwiuired bv 
’.j„e„t salts stea,lily a],|.roach that rciuire.l by the sodiuin 
jj.if, which is taken as the staudanb In other wonls, the 
(Of strengths of the acids ten,! to ai>|iroach eiinality with 
I,_„0 M the ionic theory requires. It is interesting to mde that 
If, mere dilute solutions the nitrate an,l snl|ihat,* e.vehan-e 
5;.n‘ Tlie low [Kiaition of the nitrate in the .V/ JO solution Is 
^kihle. and one is led to ask whether or not passivili.’ation has 
anosl the results, nitrates being well known (mssiviliers of iron. 

Bwfe e.xceptional are the values foun,l for the sulphite in 
o ,11,1 .V KKl-solution. The figures given in the linal eoliinins 
dies 1 and U, however, are based on freeziiig.poini, measure- 
111(1 lire therefore less strictly c«m|)arable. 

■e resiili.s olitained with sodium Iwirate ns iiiliiliitor were, on 
tiiolf, very similar. The concentration of the .sodium salts 
f hai, the inhibiting quantities of bora.x being e.\pre.ssed as 

I I iiiolivniar solution present in It) c.c. of tlic ini.vcd solnlioiis 

uhlf III). 

Tadi.e III. 

Utiritx an fnhlhi/or. 


Sifiiiim saltn, 
-Y m. 


ConcfiitpHtlon 

of 

borax. 

(^:n 

o-m 

01(N) 

0-070 

01^)0 

004.5 


"Utively low solubility of borax 
as an inhibitor than w 

n,;! tlj-wx-iatioii constant i^= I 


Itf'lalivf* 

Kf-lativt' 

Btri'Il^rtlbS of 

Ooin-oijiralif»n 

free jiciiIh ia 

of borax. 

sV.'lOO-Holntiori, 

](KI 

]UI» 

H7-.7 

'Mr* 

Hfi-] 


Oil 

WS 

54-2 

OS 

27S 

17 

lU-4 

4 

i:io 

h:i 

12.5 

/ o-s* 


\ UOI 

X in water 

remlers it less 

1 carbonate, by restricting 

^ (Walker and Corniack, T., IPOO, 




■ 10 * (Tliiel and Strohecker). 
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tlie range of coiicenlrationa. When the above reaulu , 
with thoM in table II of like conceiitratbu H will (. 
a reaaonably close similarity obtains. With the 
iodide and bromide, which now interchange positicas siit , 
difference between them is very slight, all the othrr i, ,,V ‘ 
the same poaitions. It is intereking to note that bv icj 
value for carbonic acid is obtainable, which, however, u ' 
Thiel and Strohecker {Ber., 1914, 47, 945) have rtvetrUy ^ 
evidence in favour of the supposition that the tnie 
of carbonic acid is much greater than that usually aver; 
since only a small percentage of dissolved carbon di 
carbonic acid in anueons solutions of the gas 
Assuming this to be correct, the high value for 
in table III is readily understood, because practicaii. li, . 
the carbon dioxide is “fixed," and therefore ionised m n,, , ^ 
Experiments with potassium salts, using poUssiuu, 
inhibitor, yielded closely similar results to those ilebiih.i 
in so far as the relative quantities of inhibitor were t; :. 
but the absolute quantities were greater. 

The concentrations of the potassium salts were .1 .\i, 
table IV the amount of potassium carbonate rnjuiivd i„ 
inhibition is e.xpressed as c.c. of a molecular s<)liiti(,ii ;i. i 
of the mixed solution. 


Table IV, 


I'otmtiiim Carbvnair, ai Inhihilor. 


Pulasaium salU. 

Coticcntratioii 

Bolative 

eoncontnititui 

Htla:,.. 

iVn' (b d. .• 

^/20. 

of K..CO3. 

of K-CO;. 

.N L'lifs,;.. 

Chlorido 


lOU 

jfii 

BromIUe 

1-70 

i)2 


Iodide 

1-70 

92 

■i\ 

Nitrate 

«-85 

4U 


Hulphatti 

0-775 

42 


Jj’luorido 

.. 0-675 



Acetate 

022.5 

12 


Sulphite 

0050 

27 



Many salt solutions, such as sodium acetate. Iiorate, ,u:-d 
and sulphide, whilst capable of inhibiting corro.duu u 
concentrated, cannot do so if fairly dilute. It was "i ' 
determine accurately the concentrations at whioli tins s.. --* 
tion just begins in the case of the above-mentiuueil mi!.-. 
to discover whether or not the same ionic relatiouslup ii' ■ .t “ 
the experiments with an added inhibitor. This was 
by immersing small pieces of iron foil in 10 c.c. oi 
trations of the different salts, and noting the lowest coiiceo 



j lTIOV TO DETERHIN'e IlKI ATIVK STtlEXOTHS or ACIIS. ’Tsl 
^ jjffuslou was ptriiiaiwntly inliibiU'.l. Thi- mulls uliUiiipil 

,„8 i » • 

Table V. 





lU'lAtivo 




cotM'^nlratiou 

ionisation 

strt-n^ihN (if 


uf 

of free iw*id«» 

itcidit 

fikhibiiiitj; 

»ilt mkiiig 

rtt iliiutiuna 

at liiliniuiii^ 

iknoentrntiun 

jH-enc Acui tks 

giviMj in 

given m I'ol. 

uf salr. 

8 9(TaUi>Ij 

lul. 1 rt( Is' 

. (Iiu liau 

(i) 

(») 

(id.) 

(iv.) 

0-30 .V 


0 77 

n-sT 

o oti 

VA 

.».» 

,‘«s 

(V(HJ 

IH 

42 

4} 

006 „ 

1 

50 


0-021 „ 

ni>2 

0-55 


0 009„ 

027 

007 

(Ki: 



not strictly logicAl to coinjurc column i with cohnim iv. 
,1# in the former ncetic acM U Uken aa the sUtuJard althougli 
^isr^nirntioa i« at least five times as great as (hat of any otljcr 
rlierMs in column iv due allowance is made for the varying 
jKi of dilntioD. In the circumstauces, however, it is the only 
i^A posKihle, and since weak acids are Wing dealt witlj the 
f »ill (lot W unduly great. 

I Tiii Ik- observed that the sulphite gives the same result as by 
: 4 f(>c»uw method (table I), and the concentralion is practically 
Tite result for sodium carbonate is much lower than 
f* :! iblo 11), and approaches more nearly the usually accepted 
t NT '*arl)Ojjic acid. The difference in the concentrations in the 
(tallies III and V) is far too small to account for the 
y.iJii The values for the arsenate and phosphate are in 
tr.; rtiili that for the sulphite^ the tliree free acids being 
a: .n strengOi viccording to conductivity lueasurernenla. Tlie 
. : 5 i/isHii jii table V, however, indicate that the achls are 
^tiker /ven than acetic acid, which is not really the case. On 
- - r iivml, the valus obtiiined for the borate is four times 
I'r thiii (hat for the free acid. It would apjiear, thorefore, 
c. v- are uot comparable with those obtained by (In* 

I i inhibitors. 

Mo: oxji<;rinients have also been carried out with the object 
'•: muig the quantities of sodium carbonate required to 
rri hiod in the presence of varying quantities of the sodium 
■ '• results are given in table VI, the concentrations of the 
‘'.vpressed in terms of normality, whilst the inhibiting 
of sodium carbonate in 10 c.c. of the salt solutions are, 
of convenience, expressed as c.c. of a normal solution. 
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t, 


Table VI. 


Sodium nlte 

H. 

m Sli S. Nts s. sin. SIS. 

Chloride 





10-0 



— so 

Nitrute 

10-0 

7-fl 

5-0 

— 

— 3-9 

Bulphate 

4>S 

32 



— 2-4 

Fluoride 


1-4 

— 

— 

14 — 

Sulphite 

— 

— 

— 

— 

— — 

Acetate 

— 

— 

— 

00* 

— — 


* Ant t-iuhitMtion, 


It' Uiene results are plotted diagrammatically a .ij,. , , 
blance can be traced to the 8i)eclfic conductivity curves li . 
acids when drawn from the data published by Kofilraux. i 
tunately, owing to the limited solubility of the salts 
not possible to employ high concentrations, and thus t., j 
analogy further. It is interesting to observe, however ■ , 
acetate curve indicates the existence of a maximum eje,/. • ,, 
to that observed by Kohlrausch, but at a different cimwi.!,.,- 
No attempt is here made to explain these re.sult5, Ti.. , 
wish, at this stage of their work, merely to draw attniti 
interesting connexion between corrosion and ionisation 


In conclusion, the authors have pleasure in c.v|;tr», . 
indebtedness to the Research Fund Committee fur a or,,, ■. .. 
defrayed the greater part of the expense entailed Lv il.i, , 

Vicroiii* IssriroTS, 

WOKCRSTSB. 


CCIi.KI. — Rotatory Power and Refraetifili/. ti 
The Rotatory Powem, Refractivitm and .!/•■ 
Solution-volumes of Cinchonicine and lU.’ 
Certain Solvents. 

By David Hrnby Peacock. 

The close connexion between the physical expressions 
the electromagnetic theory of light for the optical iiropce 
substance has long been noticed. In practice it is (oun i ’'i: 
a molecular structure as is connoted by the term <'0.0 
double bonds” produces an exaltation of the magiifuc jn- : 
rotatory powers and of the refractivity. An investis.d: r. J 
rotatory powers, rcfractivities, and molecular solution ^ 
commenced by the author in order to discover it" there ru 

• In Koldnusci’s experiments the maximum specific con'inem ut -c.-' 
concentration of 2'5A^. 
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Lottiea b«l»f»wi Uie two opUcal proix-rti#*. While thi» wort 
L » apiw,re,l hy Livens (/'A, 7 . H„„ 

fcj. ['!]. 25. SI7 ft *f<]). III which on theoretical gromnis nii 
waa rfeduced connecting refractivity an.l rotatory power. 
I , is the retractive index of a solution of density il containing a 
[He in concentration c, then ; ' * 

H» - I 


■ + »(lf - c) 


(I) 


M 1* 1 

lit II ■ 


o(n’- - I ) + I 

s|aK-ifir rotation ,,er mil length for light of fr,v|uencv 


I = r'»/* ; 




. r-,,t ~ <•) 

[I - <i(rc + ,(.< _ cj]'.' 
ert r Slid r' and « are constants de|«>mling on the solute, and 
, , o.nitaiil depending on the solvent. Then we liave ; 


r p-a 


- 1) {,.* - 1 + 1 


• . () 

fiOT eipiations are all given in Livens' paper. From this last 
,.;wii 11 will lie seen that specific rotatory power should vary in 
vi.ne .Manner as the expression («s_ ^ 

, ieeii hnherto available to test this, and in the present paper a 
nicpie caiws are considered; the work is still in pro.rre,Hs and 
If .i.ita .<re lieing collected. ^ ’ 

■f >„ ilie first eiiuation it will l» seen that it slimihl be possible 
d ulslc the constant a from the refractivity alone. |i is how- 
•, I.i.fc easily calgiflated from equation (3). If we put r’-O in 
i!;->u (1 1 then we : 

— 1 

I “K-'IT+T ” < (d) 

ioeuation connecting « with the constants of the pure solvent 
P'l the other hand, putting c = 100 per cent, in (1) we get an 
for the refractive index of the solute at 100 per cent 
keoumnn. The quantities can also he deduced from the mtatorv 
»'!*, wiir'e we have from (3); ' 

I ^ <’*'1 - ‘K'lh - • + i/-' 

kl (»’, - l}{n\ - 1 + l/«) ■ • • ■ (5) 

JriiTof " I?"" “"'centra. 

'll of ,, the refractive index at the same concentration. 

a. can be found if either is known. 

«. J saw nn r" 

measurement; thus trustworthy 
- ] I finite dilution can be obtained. Similarly, from" 

t«] . 1 . concentrated solutions the value at zero dilution 

8 T 2 
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can be found by extrapolation, and from thii the value <jf 
the aama conditions deduced. This quantity mav -> * *** 
usefulness, as hitherto the refiactiTe indices of diaolsej 
have been almost entirely deduced from the additive tor-.- 
Jfn»-l + f «5 


d n* + 2 


d. 


+ 2 


- 1 
‘*0 + 


where Af + f is the weight of solution containing the ..f j,, „ 
weight if of tlie solute, I is the weight of the solvpi.t . • 


'ilUliUt;-, 






and refractive index n„, and d, and n, are 
solvent. 

From equation (5) it will also be seen that the 
power can only be independent of the concentratiun 
the refractive index of the solution is independem ei t) , 
tration ; in other cases there should be variation witli , ,,, ,, 
although the amount of this variation cannot at j ti v, • 
dieted. 

Pope and Gibson (T., 1912, 101, 1702) descriKp 
atives of rf-src.-hutylamine which show pracUcallv i 
dispersion. It would be interesting to examine al.vi the j, 
constants of these derivatives in the light of equaiion i'' 
above. 

According to the theory on which the eqiiatiotij (iv,. , 
deduced, the effect of concentration on speciiic rot.itory pi.. 
explained solely by the variation in the velocity ot trr,i.v:u 
of light waves in the solution. When a beam ot plaoe 
light is split up on entering an active solution into tao :»« 
oppositely circularly polarised light travelling at (lillfteot w.-a 
the retardation, to which the rotation of the plane i f ]. 'ncas 
is due, is sliowii by this theory to depend on the opUi al i i 
of tile solvent, and not merely on the active solute. 
tlieories have e.xplained the effects ot concentration au i lim 
of solvent by (1) electrolytic dissociation, (2) formation ■ i -e 
aggregates, and (3) changes in molecular symmetry iaf • 
effect of the internal pressure of the molecule. In i.te jei 
paper tlio data are not very numerous in the cases wln re i ci 
of specific rotatory power with concentration occurs, hut :: rJ 
pointed out that all the above theories ascribe the 
an actual variation of the forces acting witliin the acilve r.-e 
that is to say, to a change in r' (equation 3). If, it':' '* 
effect of concentration is due to the above causes, then rpu'- : 
will no longer hold as r' will depend on c, and llimf'r' ‘ | 
not be proportional to the quantity ‘ ‘ 

results given in the present communication show that fw;'!‘i 
tions examined [o] is, within reasonable limits, proporiiesi'tf' 
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UtCK ; KOTATORY power ANJ) refractivitv. 

U* “•* ■” «»«> where [,] depends 

^^,r,Uon tl» dependence le probebly net due to Ihe mole- 
^.isngee invoked to explain this dependence, but is 

I ^plT ■ to the vanetion in the velocity of transmission of 

i.” 

V n,U...rr “f tlie solutions examined were measured in 
P, lubes at 25 , ^tuui light being useil. The solutions were 
^ „p m 25 c.c. flasks at 26» The refractive indices of the 
^ were measured in a Zems total reflection refractometer as 
ud for mcminmg oils technically. The .lens.ties were measu;e.l 
rtueuieters holding about 10 c.c. 


Borntol, C,oH,jO. 

« .as recrj-sUllised from light petroleum. As also found bv 
(,ii( (T., 1909, 95 , 600), it was partly racemised. This does 
lilrr the deductions in the present paper, as only ratios of 
i.rv jiowfrs aro dealt with. ^ 


Table I. 


Alcohol Solutions. 


it^j 

14 

A 

rt 

.1 

e 

0 


d r, • 

O' j’5- 
1 12 

1 4<} 

2 15 
3-11 
i\C, 

10-05 


i-3ei3 

1-363S 

1-3630 

1-3669 

1-3662 

1-3711 

1-3872 

1-3993 


<t?. 
0-78»» 
O' 7921 
07934 
07944 
07998 
08040 
08278 
0-8408 


O.C. 

too 

157 

157 

(186) 

157 

ICl 

(144) 

(57 


(27-4") 

25- 8 

26- 0 
25- ,0 

25- 7 

26- 9 
26-4 
26-4 


(5-70 

;j coticcutration in 


groins per 100 grains. 


I l -( III). 
-(•0!II5 
1-092 
1-093 
1-005 
1-099 
1-102 
1-117 
1-124 


Table II. 


-'IretoMc Solutiong, 


lit.', 

0 1-20 
*' 2-31 
I) 4 61 
«7,3 
«:3 
1747 


« p*. 

liV- 

C.C. 

1-3583 

0-7860 

138 

1-3613 

0-7925 

160 

i'3623 

0-7960 

158 

1-3676 

08035 

J58 

1-3739 

08113 

159 

1-3791 

0-8184 

(176) 

1-4005 

0-8493 

159 


[«]V. (»;. 

-1)(",M + 1A-) 

27-6° 

0-93.1 

26-3 

0-934 

28*(i 

0-935 

28-7 

0-937 

27-0 

0-941 

27-1 

0 943 

27-2 

0-949 
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Tabi-i: hi 


H'lifl tetiale SiJutiuiii, 


p 

•V- 

B.i . 

‘H-. 

c.e. 

!•!• (“i 

(ynflim 

0 (( 

1 3711 

OH033 

H\ 

I'sr 


II.* 

t 371'J 

0 vj.'ai 



(411 

? A 

1 3:«il 

0 S‘jT«i 

l«;o 

-S * 

H % 1 

4 >1 

! 3TW 

0 

Itii 

l!H 1 

IT 

tj I H 

1 3*iyi 

0 

l»iO 


.'♦i lot 

13 

1 3y93 

0 yi:*7 

l»Kl 

-5 i 





Taiii.I! IV 





Hr 

S'/luho’ti 


P 

«*, 

„ 

wp. 

!• 

(«!/.{ 

0 

II *3 

1 (•»;*., 

0 sTi: 

IK 

{.'•in ) 

i.’l i 

t 

1 

0 hTC 

l-V» 

:io .% 

1 .)S0 

:io 

1 ttis'. 

0 sTiil 

|MI 

1 

II :!4H 

'• 7 s 

1 

0 ssia 

IM 

.'s s 

in !Mn 

s ;»n 

1 hHHI 

n ssOl 

h'>t 

1. 

(.‘a 

ll 10 

1 

i» sinei 

un 

J 


Till' Sdlvi'lllt WITf ll'it S|lC. lltlly ptirilifll. but 

ill flUlii uniiritil i*'H tliiit 111*' fWini' vi’iipk nmi'l Iio IW'I I; r 

A iM'rii'S 01 ‘'Xiwriiiii'iits. TIi" ln'nz*‘iii* anil aa-tviiui wcii' j -, 

I'roiii ti'cliiiii'.il iii.ilcri.il by ilrymi; ami Irai'ti'iiial ili-dllii; - 
lullutt ari* tiio yuNstaiil^; 


TAm.i: V. 




„i 

Ali-ol,..l 

oTsTs 

I'lilo:’ 

Ai’i'toiif 

ii-Tss) 

MriTl 

Kthvl 

nsiMT 

) :;7ot 

IU'iizi*n«‘ 

n-HTi’N 

1 :.ooi 


Thf s|Hvifir roUit<.ry }»ow**r of liono***! is h«*oh to il*'!-*-’; ; 

H siiizill rxlfMit on mnrf'nt ration or ; tin* * \! • 

(" ' - I K"' I ■ 1 *t}. whilst varying witli roncfiitriitioi! in t- 
way as (1 <>»‘h [a], t)f|M*n‘ls to a very oreat extent on tlo- ^ /i- 
iho cast^ ot iienreno whieli has \U refravtivilv diniinishr-! 1,, > 
fion of tKirnool the expression hi‘s a sign opposite to t;.i' : 
other solveitU examinwl. Kx}>eriinents now in pro^r*" * 
this is not a general elWt. Ihveits (A>r. <-iM leaves it ' 
an open ipH*sli«n as (o liie depeti'leiia' nt o on tlu* vi ■ 
results sliow llmt a ihvnlediv ilejH'nds on the nat\ire "i u;- - 
there is no very appirent eonnoxion iH^tweeii the value - : 
refraetivity of the solvent. 



^ R ROT4TOKT POWKR AM» RKliUtniVliy I’ART I '}~S7 
li'.At Hi wlmlt ^tt] Vrtrir> \r!y witli coiHvdtrAhi'ti. 

‘^>^4 I n' — 1 )(fl‘ ~ 1 1 ai&i shnws jtr.iotifsnv lut v^ruiidii, 

fom^iitratioiis us^! tiic^ Vithit^s of I 
; I frr- varv cuusiderably. 

1 ^- 

CifieAi»wn«f. 

. ts jirf|)ared According t« Millvr an.l U -li-b* s . ,//rr 

.. 28 It WA^ jfuritltxl iir'.t bv ctxH.il'.x^Ai.^n vi ihr- 

wat^r Hiol tlieu hy crysUllisviiion , i th.* fj,.,u ,{jy 
Oiiiy suiTicient was iivai!al>K‘ i. r a liiuiti-d «'\.uii!ii. 4 ii,iji, 





Taiiie VI 





.UroA«/ S'>tuii‘'Hs 





"o • 


Ifl/' {*i; 


..■1 

u 125 

1 3w»: 

0 tns: T.'i 


O 4i:i 


0 .v,l 


UV.MO 17U 

17 :i 

»4i:i 

V , .*1 

UIKI 

b3l»3U 

0 7^01 1*.'2 

t7 

0 41) 


2 ‘m 

1 :5»>»;7 

»•7!♦s^ -Jits 


0 m: 

*ei.‘ 

\ U'.l 

1 .ithCi 

oso;{:» u:i 

i;. s 

0 4ifl 


T lit* 

1 ilTliU 

oslon 217 

41 'J 

11 ;e.i2 


s 32 

1 3V(Ml 

OHiMi 2.V.» 

41 

II ;nei 




Tauu: vn. 





Afftone Solutu»i$. 






a; . 

.1,-. . 

up. 

r c 

i«PI 1 ' 

I)!-. 

vM'O 05»* 

1 3579 

o7s9h 

24!» 

.Vi 2 

0 i:ts 

:M7 

1 3t>l4 

0 7y:ii 

241 

.*.0 J 

o t.l . 

ti -: 4(i5 

i:i(W2 

« soi:, 

2r.;i 

is 7 

0 i:io 

< ,’.11 5112 

i:i7ii 

OSilHl 

IMS 

I'.MI 

0 i:. 

• vi: SIX) 

1 .■|77< 

o-si:,: 

2»‘0 

.. 

0 11*^ 


c Coiicchtralion ill ^r^in't p'-r loii >' • . 


K*.i's {''urnjff. rtHil., 120, 1I70) mvcs -a,,, lu f-'t 

' ' > iitM as ■18'‘jrj^, hut no .'ur<iutit of a oti 

'» Mr.iti(in. Tin* above rosiills show tiiat ni .ihoiin] .ui'i 

• a] dciTCiisis with iiKToasinj: ronc»oitra(iorj. in I' llj (as*i 
i i i 1*1 o) are very closi lv iin'i'orhon.ii ; iIhih fm 

‘ ‘.!tij !h of <lej)eii'leiice on coiinMit ration I. icons' I'oi . 

Vi' ”to 'if’{iMiiU‘iioe is due simply to the variation in optic.tl propor 

• : !iie inedimn, whuus to he true. If tin* d<-j.on'ienc e h.ui Ixon 

* iynamic isomerism or a similar cause tlicn [o] an<l 

(n*^- 1 ■! I/O) 

' iioj jiave vancfi together as has }H*eiJ explaimsi iri tho 

k.' ' I'li'l !» in 



koutouv ivvvM a.m» uu’flAeiivir- 


For alcohol wjlutioim the valuee of « inerease wiii 
tion. If tills were a real and not an apparent ph^n' - .f. . 
it would \ft exj^cU^i that the correajwnding deforn. 

{.'lolecule would lead to considerable variation in [o|, I r. •, 
tion of the molecule would lead to a variation in r . 
and [a] and («’- - I - I /«i) would not var)’ togetl:-r 

actual exj>eriment they are verv closely proj>ortio!U! ! - . , 
tion in ,1’* is therefore probably, at least in ]»art 
due to aUcralions in the volume occupitsl bv the aic-.f!. . . „ 

Thus by this method the effect of aii active wdute on v-.- : 
v-jlume oi a wdvenl can b*- at any raU? quahutive'.v 
iSirice at preiM;ot thero doe» not seem to he any mathemai. i, 
for the mutual effects on density of solvent- and solute, t'm* ; - 
method se^Mus the only finale of attack; the theory of ! 
this respect lags far liehiiid tfm optical theory. 
lb»?si*ing from nh^oljol to ari?to:ic b<-th [a] and 
(n- - - i -1 I/O) 

luch'a.’jc, .\ f*“l’»*r*'ijce to t ible X shows tliat o for 1. 
lion-* is apj j‘i\imat«-lv <‘on»ta!il. hi the c.i'-e of acet. ^ ■ . - 

llm vanait'.ri of in] with coiirentration is as great v, / 

alcohol !»o!utioiis, the v altos of .r„ for acrloiiv Hidiili' l 
•‘ ticli oi»Mf depcnd»Mic«- on concentration. 

SnliitioiiH of ll.is sub.vfanc*- were exainiito^i ni onler to ■ 

w or (ri'-’ 11 > 1 ) >!i'-w»‘d any coihtilutive olTM. 

Tahu: VI II 

Afrtonr SiilutVUtS. 

I, >i:- [al or hi 1 


0 '.HIN 

II , 

1 :{:.M 

n-7'-il«i 

:i.> n 


'I 


t !i:: 

1 

o-7'iT:i 



'! 

1 

:» 

1 0 ^•cf:s 

1 



li .'r> 

J 


0 ''toj 






l Atll.f. IX 

,I\ 

<\ ■ 

;i'4 

Ih' 

oiiTnt 

1 M;| (h71l|l 4.771' 

n 

2lo:]s ISO 

1 :ir.i; iiT'j.’.i 4'.’!t 


O 



K ROTATORY FiiWER AND liEIKUTlVlt V. iMltr I ‘iTM* 
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Valufi vf a for (hr Suiuu><r.t 


Subiianee. 

Sol\ .‘01. 


; 

^s-,,^^‘iOfiirtne 


0 Ti: 




o Vi ; 


{v -vlcineijouieuo' .. 


I 


it 

Aivi^aic 

o 


-..xd 


O H-'- 

: i.f: 


\«H t. Ji.' 

1:1 

t 


Ktlat ...vtao 

O 1,. 

1 ’.rtv 


HihMW 

1 \i\ 

o s M 


: ,;,iJu‘huiiiriii»‘ ^huws .i .Iis ti-am' in [a) and 

; jA" •« tilc'dinl to iionttiin*, tlin rvvvfM* iii iJu' f«'r 

;. juv Tlifrn is no vt*ry iijtj'.in-nt <-ou>tilntivn lominxion 
, »« !; tlif value uf ii nr (;;• !»('.- 1-1 -fj l^r I'liifhiinii'ine unJ 

, 'll ilcrivalivt* : IxUli of iIh-m* .unntiln-s iU*j>rnd t450 ^rt*atK‘ 
of tin* s*.>!vi-nt Uowcmt. ihn n-sulu chtaiiir.l \ntli 
. .-■ nr *^)!uti"ijs roii!iriii the intt r>i.'i‘rn.iiMu-.' t'f [a] uiu! 

; 1 • I n), In j-assiiii.* from aK-' liol to ;o«-1on«* (IummIihs 

j ; r Uniioylritnluiniriiiv .i(riv.,.M- .■•tiM.lrt.il'lv. wln^t tin- 
-r f ,i « hIiow no vrrv iin-.o vitriatinu. 

; r v." r.'sos r.x.imuic'i in llio juvsnnl )*.ij'< r tin: tinalii'ii li.i’’ 
■ iaiiMMi of tin* llii‘«*ry that wli*-rn vaii.iti.ais ui ia^ ,aviir thov 

- • , 1 ' to variations in tin* vnKaity of lransnii;vsi,.M cf within 

- and not to 4au!*<*s ilinsilv alhx-tin;: ih.- o! 

• -'rv of the iiioltsulc. k has. furtluTiioin'. ix« n .■'iiown lea 
:.<• ran 1>0 obUilKKl as to the offret of a s««liito oii tin* ii(‘n»it\ 

l Ivi.'l)!. 

r^'iiT work is in prooress on tln‘si' lines, and with llio .’ttldi 
: hyt l of ohtainini: a valuo fr>r tin* n-fr.o tiviiv of aii acliv*- 

' iUxion. the iinth«»r wi'^lo's (<» «*xjTi*s> hiv in, ink- i<i tii«' 
Kvfi'osiw ('oni|Mnv. Apleer Kart^rv. ami t-. Mr. W 
' ‘ . K 1C’.. Mana^'iT the roN-.troh wnto'i;. f« r lio- f uiliii"^ 
f' r larrviug out tins work and |H“rnij''M"n to |aili!rdi iIm' 

1 Sk< ri"V. 

M. f« Ksri.o.sivr.s i.'oMr-tsr. 
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CCLXI i. — Snljiihl.ntiiiu ill Ar'tjuttlUi Ih!<i 
poninh. Pad II. 

iiy V'UTOK .lulls JlAHUl.Sa. 

Uy tliw t^Trii ru'**ty!-ii»tr*>su)*»tiiuti‘>ii is uumhi tlie <1;*! , , 

;m Hretvl ijronp hv’ a iiitr<i-{;»r‘ tij». TIu' 'lisj'l.Knii^iit r.t . 

[iy tiw iK ii'tii of jiitri'- 'u;i(l on n-rtatn iiielhoxva(*f-t*/|il:. : , 
it Is to fi«.- 'hrectj without- lli«? formatioii , ; 

iihmIwU hy<iroi»i*n‘»ijlistiti:tf<l nnij>onn(i. So Ur ;»• • ; 
slU'lif*!, it 14 <it*pefni*'nt on pr»-sence of luethoxv ^7. ,j . . , 
Ikmiz»-ii« micloiiH Hinl on Uio I'osition of the ac#*tvl groii!. j< 
lliou^ht, howoviT, that aioiyl nitrosulistitution 'liffi-rs f . 
ally from lfif« Hijb>*Ututi'.«u of a iiy<lroi;rn atom l>y ilo- 
(hylro^Mii mtro siilfMit utjnn j, tn<T*‘lv »;’ii ■ > 

nui h‘us to !»«• riiofo r»*a'lilv hilr.ilo«i atol thus ,in -i 1 

for tho h‘vv rnoliilo :i«v|yj yfoup '»> !»• yiibstitut*’*! Jiior" - i •: v ^ 

would (jtluTwis** hav** be<*n tin- i.iio*. 

The Miilv lustam-e in tin* lilfratun* of arHvl iiitro .'U’ ■ 
the ol>4-Tvation of llarduiLf and Wfiziuann (T . lUj", 97 ; 
who foiiN'l that 1 . j-diniftlioxv o tolvl niidhyl k»*toni- ..j, 

K.iVo I iiilr'ihoiiioraterhol <luin-tlivl vthrf when lri*at‘'it .'..1; • 
;u-id : 

OMo oM,. 

iMI. ^ uMf 

ll.r ^ .M.. 

A I- NO_, 

Tho di.Hjilairiio'iit of the ahbdiyde ^^roup by tho . 
(fniiiiyl nilroMib.-itiliilion) in .inmiatic methoxy-aldidivh- i. • 
liad life'll sliuiicd by Silw.iy (T-. I'J'ty, 95, lIo5), wli- iir^ . 
I'nrii lii.'inii that tin* displao-mnit was dirivt. 

Til*' aiialoiTi’iis <M.v- of the ilisphoeinent of a carlyiw! rr i: 
lot I*) L;(nii|) i ( Ml bowl mtro substitution) was disfiissi'il in t ' • • : 

tin:: wTios «if ri>iniiiuinrations (T.. IlMl. 99. loSu, Kr-’i,. 1 : 

of exaiMploH . 111*1 the author's own experimental ’ • 

ilcduceil that: 

(o) The suhstitutimi w.is direct, willmut llic iiitcriH'-o; s'- : : 
lion of till' jiareiit phenol ether. 

(/») The .substitution t-ook place unlv when the i-arb' \\i 
iH'CUpied a position which in the parent jdieiiol .■ih* i 
towards iiilrie acid. 

'I'l - » • , - , I . . . . 



akomatk’ nvoHo\Y*i\m!\H’vn''. iaht ii. 

i jtuily of tlie action of nitric .Ui.l w, a situ> of iiK'llio?kV 




-.jon of nitric acul on thi* krtMii«* u^s I,I^l MihiuHl liv 
y,,n, Khrhar<it-. ami Mais^h </jVr.. 23 . Tim 

••lixture of conct»«tr;»!**il Mtlnimric ;n-i.t oidu- acj-l 
liie forni.itjon ..f di 4 Jnclii('\ylHiu.'\lfui,'x.ut t.h.HU'-’v! 

. [.froxitlr) - 


OMe-r H/CO-lV 

‘ I N O 

* • 

iiher liaini, Pop^ (i*.. 101-, 28. olll t (i!‘ioiih'<i lin- iii'iiiott 
iWuct, 3 iliiro 1 melhoxyacctilpimnoim 

rwiiit llm antln»r Inis cotilinm**!. Init hv UMiii; niUo 
has obUiiiiMi on two (Kvision^ tlm fnrox.ni .iioi al . lii.i 
>'• nil ro ketone, 

;;llrOSul'Stillllioil il'M-.; lint t.ikc j>!a«r 11 ^ /> l!i« t lloW.u rlo 
.iinl Salway (/'-»■. .-.f ) l.uK**! to tuol iuiv iinio 

/..'ll duriufi iho mtr.ition «'f aiusiiMcliyd**. Tlic lalr.ili-in of 
. , i, litfWever. bv A tiiixiiiK "f w.ijui -1 ■■ijljilninr 

f . luiiU results in carlx'xyl nitroMil'Milulion. tituiure of 
I'f '.wiisic aci'l ami J : 1 ‘limtro.iiiisol** olil.nmd: 


0\U ‘'Mo 

NO NtV. 


NO, ('tMI toll 

I’.ihours, .\niu'!iii, 69. IM'') 


(h) '.): ]■/ flint (hn i y./(V f 

iMt'id of nitric ami on tin- k* toin- iIo..» n-'t lo li.ivi' 

jin-viousiv. Ill tin- Cl. hi or in w.irni i^I.oi.i! .o-.-iii irid 

. net vl lilt ro Milt-lil lit ion pli««- \‘ry M oiiiv >^lt!l tin* 

of i , j iliHilrovciatiolr . 

OMc t>Me 

OMe' ^ oMo 

s NO,' 

/ 

Ac No. 

(r} ‘,'i : .1- f nmi 'Ilf '/■/« ' ^oy»/.» imin . 

C'toiie has prev ion-lv !hm‘M j*r«*|..ire<| hy .M-inOnor !•/. 

!ii|. 82. -'.'O Kv tin* action of "U pal! 
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27!i2 

3:4:o-triinethoxybmKjyIac*UU. Th* melting point, a. 
Mauthner, U 72’. Bogert and Jaham (_J. .Irafr. Ctitf,, , , 

36, 514) re(<eat«<l the preparation from ethyl 3 ; l „ 
henioylacetate, and gave the melting [loiiit as 78°. The , • 
prepared this ketone, however, by the following seriea . ; 

OMe O.Me 

OMe’'" "().\Ie OMf/ O.M« i .tr, 

■/ ’./ 

Ctl.H C'llCl 

O.Me Oil, 

_l.’h IJ.M,./ oMe OJIe 

/ 

ex .A. 

Tlio pn’f'-krHtioii ol iriim-tiiyl other has 

ill A [irt^vioits ( llar'liiijr, T., Iltll, 99, 1503), ,i 
ViTsif'it int 4 ) file nitrilf )>y the use t*: ;; v 

pfiitnoliloriih' in hot fM^nz^yrio solution. Up to this poin? 5 , 

are e.'cceliont, hut tin* conversion of ^allonitrile triiiictliv] • ; 

3 : l o triirictfio.xyacotophenone does not [ipKe^d ris v , 
ill as i'ikkI h yield ih niii'ht l>»‘ ?X|' 0 (:lod from anah)|»t.ii4 • 
Lar^'o amounts nf a tiilroof«n«»us .suh.sUiue are pri-da • : - 
p'hsv'.-vM.'S the enipiri<al eoiistitulion U s<jlul'’f 

i-arfionate wiiution, and ^ives rise to an iTi4U)Iuhh' pot,;. ,v 
wlieij treated with 50 |ht cent, aqueous poUisgium jiydi' ;■ 
ketoiio ia formed only in small ainounts, and is separatf'i :r 
unchan^'e^l nitrile hy taking a<ivaiiUge of the inJKiluluhiy 
liklter in cold dry ether. 3:4 :5-Trimethoxyaoetopla*ii(-n-i tr;,' 
ll-H'S from light petroleum in needl«<, melting at T7 — "9 , i ; 
a pijieronylidene derivalivo melting at IIIO—UU'*. 

Tim action of nitric acid on this ketone wa.s eas exp*'!*-! : 

Its analogy to gallic acid trimethyl etlier and myristicin i! ■ 
.\criyl iiitro .suh.stitution takes place very re.adily, and 'i ' I'.r 
gallol trimethyl ether is produce<l. Moreover, the sul-Mit iV' 1 . 
direct one, for had there Ikh'ii the formation of int-r:.,- 
products in any rtrogni»;ihle amount, such as gallic acid Hi ..• 
ether from the oxuiatioii of Mie ketone or pyrogalloi tr; ;.’ 
ether from its livdrolysis, the occurrence of these compf iui i^ « 
have Invomo evhlent hy the liiiding in the nitration jr' :- 
nitrogallic acid trimethyl ether or 2:G-dimcthoxyl)onr. 

(Part I). 

Neiflier of thcs4‘ two cuiupoimds wms found, altlunigh I-’r. c- 
easily identified, and thus it is helieved tiiat the acetyl-nitr' ’ 
tution is direct 
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(d) 2:3: t-Tn'nr!hfj-y,ur!..,Ji, _ 

, , known kHoue has alwiys iKfji lArtp.Atr.i )*y Iht- inrllivU 
' . _,v-dn^xy 3:4HUmHhuxy.U'(*tupheih.ur ( rt rkn'i ..j.i WiImhi. 
4 83, l-‘Ji UavuI .iihl Koslillri'kl, jiff., 36 "I'U ' 

Schmid. litr , \m. 38. :u«. Vh^uATV^lul ..Itcmpla 
to prepare il directly from the tviai, - 11^.1 uni vi .-icetvl 
. ..i:d pyrogallol triiih-ii.yl eiinr ilin ;i;;ii tiic of 

; chloride. Kven .tithou^ii the n niu ii vv.i> i.iwc i lowed 
,,,: ; ,i couple of houra iiiid tin* tcmpci.iiuu- k( pi ..i t' , [ju* 
, . . : liie reaction was alw.iys Uie liydn-w kA-lA>!U'. tin* un'iiivl 

jKrtUtion 3 being liydrolvAeAl. tViric ciii<.rido. lo-w 

,.s i condensing agent, paiti.il aiictw* w..s .iit.mie,!, 
; iP;,,uethoxyaceU^phenom‘ was pr.*duc<‘.l. i^dv in 

nut, and iu identity establisheAl hv meaiis i.l si?. 
... ; vis lent* derivative. 

. ii -Il of cold coiuvntr.ile.l nitric acid on 1 Iriim-iltow 
, • ‘ lie gives rise to C* iiilro ‘J 3 . 1 tumetliowacet. pjsenniie 

uMo 

'■Ml- (t.Mo OM,. DM,. 

Ac Ac 

N<‘, 

, vi- n il. and not U, is a'>igned to tin- n;tiv-i,iip ri<,ii, (h,. 
, . ;r< I'Mclions of nitric acid on }*yrog.il!.'l. miI.mxvI;, iii 

i^Harditig. T,, l‘M!,99. l:«v'0 and .-n si s i,.,! hvl ^■^h r 

,0.1 (ii'idstein, .1 11(07, 351, I'd). 

. . .irok •tone, however, was is<.!.iteA| onlv its pip> !onvlidcii<- 
and even llial proved cxlremciy dilliuilt. .uid it is 
.. . .'■i.-civt*(l that in tlie i»ily nilratn.n iiii.sloic wiiidi wms 
. —•1, I iiilrojjyrogallul tJimelliyl etinr injelit ha\e « \i .{id .ilid 
r-^-acf rcinaii]e<l undetecUd. In this u.iv cvuIcimc ni a.i-tvl 
• ‘ ‘lilulton iniglil have been «jverh».kid. In (ader to ilirnw 
•: liL’lil on this point, J : 3 1 triiiictlinxy.octoph.u-oi.- \\.\< 
’I'Ni (o tlio vigorous action of warm nifri<- ;oid. It anv 
' pvi' s^Miiol trinielhyl etlier iiad l»ecn prceluccd in tin- less 
■ A n.tralion it wouhl cerlaitilv liave shown i!s<lf in the iiiojo 
"i iction as 1 ijalinilropyrorjaHoi trinn-ilivl ollor (coni]>aro 
> Old SieWIing, Jifr., 1911, 44, lill'i). N’o \ : a <iiiiilroj<yro 
• Ji'-thyl etlier was -found, and tlie only product iw>lal<d 
■ vigorous nilrulion of l!;3: 1 trimeUioxyaccfophcnone was 
^•ind which from its rdernentary analysis corrcHpon. led wMii 
- 3:1 IriinethoxylK'iJZoylfuroxan : 

NO,-C,11(u.Mo),-<'.).y 

.N» !.•(', H(uMfj, •<()■( • ■ 
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Tliu^ it will U' tiiai (he evi<leiu'4> a (|uite ag«iu^ 
jxt of } fiilro|<vrogallol irimetiivl ether in the t;lv 
pprilii.'t 01 2 ;3 - 1 trimelhoxyacetophenone. Aeetvi!,,!; 
tioji do**-, Hot take pUt^ when the acetyl group occuj;?^ r,^. 
ill pyrogallol Irimethyl ether. In this way acetyI-Ullr^.,.J:„. 
is ipute anal«>g^>us to carlioxy! nitro-substitulion. Ir. 
does tl-e Aulrttitulioii lake place except when the acet-.; - . 

group »/<ciipieH a position which is active towards r. tr, 
the p,iren( phenol ether. Tlie distriliution of fones n,» . 
niellio.xv groiijiH deleriiiineH t.hei |,o}iitn>n enlerwi hv li,. 
whetlnT llio i/roiip prevhiiiitv attacked lx* liydroge.. ^ 
i-:irfj<(Xvl, The cr>rr(*iponding case tor the aldehyde L'r .i, 
vH hn-ii e.xperimenf.iillv determined, although the .iijf , ^ 

-hmht that it will U- found to follow tlie laiiie rule. 

In tlio next communication, which will follow shorilv, i , ^ 
will l»e given of a .‘w-ric.s of ex|>erimentH on the actitro i f ; •. 
on a miifilx'i' />t jiolvmeihoxy derivatives of U'lizcm. h, i; ,. .. 
tif i-arhaimde and of hydrogen |>cro.vide. 

Kxi’KlllMtXTAl., 

,lr/o«n oi .V<//ir .Ico/ un ]i .l/f//<o,M/orr/i/|di / m ,» 

Five graoci r.f p niethoxy icctophenone w»Te «liv'-i]v'-l , 
of coiiccj/|f,»lr.l nitric acid and allow«*ij to rfinaiii nw:: . 
poiiring iulo water an oily si)lid separated, whirli n 
and on lieing :.iihjinftcd to «i process of irmtinnal cry ;, 
fmm alcoliol proved to Im* entirely 3 nitro 1 mellioN v i. ■ ' ; ■ 
\o Jiiono 'T dt nitroanisoh* was loviini (^Fope, 1* , 1'2L, 28 

In another experiment in whieli the time of read: - .r 
fifteen minntfs iniieli unchaiignf ketone was rtMf>vet'>*d, ic : . 
ainoiint of di /Mnetlioxyhcn?.oyllur(»xan was is<il.ite«i. V - 
eoinpoiirid w.i,- identified hy its melting poinl am! anai;.-* 
forrnatiiui of any nifro-kelone was not ohserveil. altlKiuch i',*' * 
of llie reeovered p metUoxvacctopheuone was eonverl' .i 
piperonyli ieiie derivative and fracti<nially erystaili'-^'d. 

Vifn. \ h.>fh*>ru!>lifni/l ;i: ! .l/ft/«y/'o^'/iorV't'/rv/ A*' 
(■ll,<’J>(V,ll,'OH:CII-C(lC,II,(NiU().Me. 

This urisiluriiU-<l kptom- is reaiiilv otiUiiidl liy " ' 
.'i iiilni I Mi!'(hi>xvacol<>|iluMioiip .-lud |il|icroiial in ali'nli. l:' - 
IjV a trat’r of [)ot,as.suini iiy'iroxiiio. 1 lie ketoiio sop.ir.tO ' • 

from the alrnliolii' soliitinii, ami i.s |.iiiilif<l l*y ory.-l.alii-sSi 
glacial acetic aciil, from which it sejiaralcs in iiwll-- h - 
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It- solution in i‘umvntr:i!»a Miipliun.- ;uu! is rtsiaislt 

0 2970 L’tK and ♦ui'ml H o. 0 j - H 4 •« 
rwiuires *.’ 02 1; H 4o |„*r tvnt. 

' .\»fru* .Irii/ on a: » //; -r rl,,, . v irr ,, 

^ r.i'ii "I »’* 4 dliiu*! Il•>\\ ■. ft iijiin'iiiu:*' u.i-s j.\s. \ , .1 in ! i ' r r 
lutrir :uia. ar-l tin* ti-a.li.-n k. j.i i cntti l )iv 
.t running wat*‘r. Ai tin* t-n.! ..f {,.|i ii.inatcs tin- i-i.au.t 
iiilo wat«‘r. and (n** Vfdnw M'hd ui.i.ii M-|>,ii.dr<l u.ts 
i ,iud |iuriiM‘d Ia' rrystailis-iin.ii iii.n, :iK. .!.>.! h n-\Nl,i! 
}.rii.’ljl ynlluw inH*dl«-<. n.i-hiiii: at Idl I w,.- 

h<.» willi I : diiiiUnvfr.itrnlf, 

ii!> id 3: I diiiu-liii'\\n<-t' j'lh*iUMH‘ w.is di''S<'Ko<l in {() t* i . 
.i ai'id, 2 iK\ I • in I'lil I iiilii.- .1. i.i .iildi.j, 

f vhitioii w.is wariind. A xii^Mp-us iva.iioii .nruticd, itii<i 
i:..> had siiltsidnl tin* pitHliiii w.ts n^ihd and j*<iuri'd iiih' 
.lii.-u I . 'i dinjtr'<vi'ralr-‘h* vj..iiatr<l and was rasiiv lilfniuh'i! 

oM,. 

f,' t/iuJ'lfffff 1 !'■ "o 1 1> ,1 

f'S 

i .irih* has ]>n'vi*>iidy l.'-oi dr>. ni.rd hv Ihlll.-r .fed ('.tprll 

ll-r.. r»n. 38 . dt’.dlL «iin 111. t. mini ll iiV h'-.itin;' 

,r<' r*f gallii' .'uiii triniOlivl rlln-r and li-.id van.i1<', 

< ,»!-«» Ijpen d.‘.H4Ti)H'd i»v St-iMinh-r (lt>r , 19>'S, 41. 191*“). 

it hy hniiintj o.\iittiin'i.Mli.il-i*divd<- Irinnahvl rtln-r f"r 
hiasr witli atvtir aiilivdritli- 'lli*' iniitiii:.* jx.nil w trivnn as 
l!-'lll*'r and (‘apfllinann and 9;5 l-v S« »Miid*‘r. (! illiaiilnlt' 
•>! fllu-r is v^rv rwidilv and l•<!JlV••ni«•nf Iv |<n’|iajid from 
i'- trinintlivl (‘th»‘r (Hardiiitt, '1'., 1911. 99, I'tOiti hv llw' 
'! ])h(isj!honi-H prntachloriih*. din* two Mil'shunis wrir- 
n »s]ninio]fTular ainounls in tin* pn-sj-ii'i* i-f .a lilth* In mp’Di', 
t!'-d toi»t:*llier for a rouph* of hours in hoilino w.ilir Tin* 
• .'.n'l phospliorvl Hih'rido wa-n* tln-n n'lnov**'! hv di ldlainen 
li'iiinislnHl prossiir'*. Anv allfiiipl. how^-var, t-i <lr-1il lln* 
at tiiis sU^'C resulted in rlf<o!iij)ositititi, and llnw-fon* lli‘* 
■.v.'tii parlly pnrifif<l hv rrV'tallis^ition fpnM a'pna-ijs .ilroluil. 
’rih* was llu*n distillHl uminr flirtiinj.di'-d aiid 

: !ri:h'(i hy rry-stallisat ion from rnothvl alroliol. 'I In- mi-ltiiio 
'S found U) 1« 93’^, and tin* vn-M T*i pf-r H'nmi'l. 

f'i.JfiiOjN reejuirfs K 7 2 p<T roit.j. 
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2:^ Ji Tritn^thfZ^ittetopkenone^ OMf 

'\./ 

Ar- 

« 

Thr*y5 of magueaium ami 16 grains of mtUivi : - . . 

convertni into magnesium methyl itxli'ie in elhere.tl v ; 

}Mrt of th« ether was remove<ii hy tii.sullatiou, ^ > 
amoUMl of )a;uzen»: aiMe‘i. A soluliori of gallouitt;;- •> , 
ether (-U gnnis) in Iwmieno was then aiiiie'I, aii'l t;. > 
allowefl to continue for eighteen hours on ^ gently h- v'..[ ^ 
hatli. The yellow, insjoluhle jir^-niuet was ijecfunpost-.i ■ . . 

<lilut6 hyilrochloric aci4. More ether was atl*le<{, an-i 
*(o[ution uxtracU'tl with a further <|ua(ttily of ether. Tic - 
ethereal extracts were w.ishej with Water, <Jilute ju/iliu’ji 
s<»liition, an.l ^lilute ojU'-ous potaeiiurn hy<lroxi<le in tjf 
s«s]iuni rarhoirate washing-^ were rei**'rv'e»l (}>. l!7lhl!, Ti.. 
extract wax linally washetl with 4iluic hy<lroclilori<' : 
evaporaU'd, ami tho residual ml fractionated uml'T i; ; 
prmure. Tho fractions of higher Ixhiing point vsiiich 
partly s^dhl were then trituraU'd two or three tiiiieii wiiii r;r' 
oilier. Thi.s di;'isolvcil tho ketono ami a small airioiinl of ^ 1. 1-„ 
tin nitrile, which h almost iiiSoliiMe in [mro dry ci’,.r 
etliereai solution was tiltered and evaporaU^i, when the j. . 
crystallisi'd (»ri keeping. The ketone crystallisnl fr- in h. ’ 
eum 111 needles nnltlMg -it II r.t (I'otJnd. ( ’ M 

f'lllc,, i' h'! ■i : II 0 »■» per relit,). 

3; 1:6 Triifi'!h>j'i}ih/.;J :M-.!/w/*y/cn<»/io/yAfyrv7 A 

I’ll <‘|>r„ii,-('ii:('iicu i',;ii.(i)>it.j , 

Tlii-H dci'iv tlive is pri-par»‘d 111 an exactly similar niai.i. r 
isomeric L' ; i! : 1 iriim-f hoxypiiciiyl 3 ; I nielhylenodioxystyrd >. 

(p. -7'J7). U crvsuil:s<s from alchoi in hriglit yell"... ■ 
melting at loit 131 , ami di>solve» in cuiicentraUHl sjlpi.ai. ^ 
willi a rcildish violet, coloration ; 

0 lirvi g.ivc t't), ;tiul tlofuS;! n.;0. C 67-3 ;H ■ 
reipiires <_*- tiO't); 11 ■ - 0'6 per ('’■iit. 

An oily obUined by ti- 

deiisiition of 3 : 1 : 6 triinetiioxyacelophenono and j-lienyo-y ■ ' 
in acetic .icid solution. 



AltOMATIC HVIlH'nV-4 .Sl>> 


fAliT II 


-TiC 


, „/ .Ulrm u , a.-l 

i'vrmativn «/ fr,mrt\yl H:h,r. 

^ grain of iJio keUiue was .lisac.lvial m :> 
i vuf aciii, auil 0 5 c.c. of mBiAmirdlci uiUii- .^-,0 .iiiitftl. 
,is au inaWnUnwjus reacuoii, an, I ilw pn-Hiud «is h, jt«i 
.dwr bath until the wpicnis evoluliun cl mircws had 

On cooling and {Hiiiniig into w,.ifr, li iiiircpyti'galh.l 
ether waa pteci[ntate<l, and w.ia l>■.i,ll;y idiMitiiir^l l,v 
itidiue form ffrom aleuhol) an,l ita melting |>„iiii When 
a.’.ii a apocimeu of 5 nilropvrogalh.l triinelhvl ethei i:ie|„u, .l 
.r gallol triinethv! ether elting peini ieni.une.l 


ti\l. 


'A A-Tntiuthuw^afflttjilirr.'titf^ 


(•Me 


'•'Me 

A, 


grama of pyrogallol triinelhvl ether ..ml '.t grama ul 
rule were itiaaolvisl in .'arlK.ii diaiil|ihi.i.’, l.t gr.inia nl 
i..i ferric chloride add.al, and the re.i.tn.ii a., a alliiwi'.l t.i 
■ ‘might. The hlack |)r,Hlnct. waa deconi(e‘a.'d hy ire .nnl 
. Inx'hleric achl, the e.irlHiU diaulphnle renii.ve.l hy ,|i,ciill;, 

1 i iirrent of steam, an.l the re.shhi.il. daik , , 1. iir.'il, eilv 
■: i.ted hy means of ether. The ethereal estr.ict. wis wasln il 
: .le |ii,,tasaiiim hvdro.xide, which leiie.ved lumh '.'hvlresv 
. '.hexyacetoiihenone, dried, and dislilhd. ele n an ml 
'. J'Ji^ pa.sae,! over. 1 Ins was identile-d In amilvsis 
i' lid ”, 11 = 0 0; l’||ll|,0, reqiiires (■ I'cj S ; II 0 i'. per 
; i hy its piperunyli.lene derivative ,.s 1 li iiiieilmxv 

‘ ;,"Me. 


! tr\milhi)iiiphniiil 'i A Mrlhi/h nutii.j i/,h/r‘il hrl">,r, 

’ ti\,kijve w:i» prfpan'tl l>v nuNiiii: *Mpiiiti(iI*-c!iUt 
: :iiil nnd "J : d : I trirnrthoxv.irria.piH-iHtn** in slf- iM.lii s<.lii 
i mlpiiBintf i-y iihmiis < 1 ' .1 i.*w ilmj-n i.| ;»•* jM-r "’iit 

' ;• -‘.acssium livtlroxiiit* ami brtilin^'. Tin* pn-lurt was f 
i.itiT anoj tli** pipt-rtfiiyli'l'-m- i<imp«»nii<l 

‘11 oily srilid, whiiJi raiinllv liurd^wd. It iTViilalliw s ffin 
• !i Muut net’dlea, at - and diswilvis in 

: iN'd .sidphurir A‘ id with a rlrsjp r<yl cniunr: 

' -■av.i I) liOfni CO. and " lOtM II.O, ('■ Ot; U ; }l a f). 
requires C fiO O ; il Vij p«T r<’ni. 
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Tiif (ii(>^ruhyh»li'i(e •l^'rivative la uhUiiaetl hv .■ 
tioii of |njrt!roiial wiili 2 :3 :4 trimethoxya<Mo|)lieii,,r 
by the (lire<i conrUriHatiou of acetyl ciiloraie aj. ^ 
trimethyl ether through the agency of ferric chlon.ii. 
or l>y the ij;ethyla!ton of 2 hyrlroxy 3 : 1 (iimetlh/^s .i,. 
(f ompare IVrkiu ainl VV'iljwtii, T , I9t>3, 83, r_'9(. 


hf ytfr$r A rui OH '2 4Trtinrfhor>fOr'>. 
fa) Formtihon of i'lO) X ttnf 2: S : \ trimf (hoi ifofft., 

OMe 

i)M« ' OMe 

./AC- 

NO, 

Two i/r.iiH'i of 2 3 1 trimethoxyareu^phenone w*rr i 
roiii^-ritral*;*! mtri*- a« i*l, aii'l the solution was kept c i,i ’ 
luinuton by iuitiuT'-iou in ruiiiiing water Tliere wi» - 
rv.n 'ioii, ami at th#* ••ti'l of lliat time the solution was i\u\\ 
mucii water, when a heavy oil V'parateii, whitli fliil jji.i v 
k<‘^'jiiiig. It( or«ler to <lvierrniiio wlietlier this oil cuumm* 
of mu'liaiige^l 2;3; I trimethoxyacetophenone or a iiitr< .. 
was i-oiiverte*! into its pi|>eronvihienc derivative, Tlf- 
exlrarted l»v iiieaiK of ether, the ethereal solntidu 
dilute fM'dimn rarfionate solution, dried, ainl eva|;«.rao 
residual oil was diss<(lveil in boiling alcoliol, a (.(jiisnlerd 
of piperoiial nddeil, hihI a few drops of aijueous pot.i*' 
oxide, (’onden.sjition took place readily, the piperoi.v!; ). 
p.iiuid wparating as a red oil. wlneli could not Iw oils; 
solid eoiidiliori. Tlie alcediolic soluiinii was diluted wilii 
tlie svlioie of the red oil which si-fiarated was extraetrd i 
of ellier, Tlio ethereal solution was then washed r 
with a coinvnlrated solution of MMliuin hydrogen sulpliib - 1 
tlie exces-s of pi|H*ronal, dried, and evajHTHted. This r* - 
was almost ins<itul)le in cold alctilio), hnt dissolve<i 
builing solvent, which, on cooling, deposited tlie pip-r 
coiiipouinl as an ml. Hy exposure to a teinj>errttiiro oi d* 
for more than a week. Iiowever, the oil solhlilied, and t ] 
solid was obtained, wliich (TVstallisod from alcohol iok! ^ 
'.Mi '17'' to a deep yellow Injuid. The almost nilouii'-N' 
Itovvcver, always cimtaiinsl .some of a deep yellow ci lt,ur. 
several ciystallisations the whole changed into a de-'p ye ' 
lication. This melU'*l at III- 112^. diasolve^l in C' l ■ 
snlphuric acitl with .a rediliah-vellow colour, and evi:>' 
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27 !^!) 

i ,;,1|U,.-.’ ;t- 4 l,H„Hl,„xv,,|.f„vi :; l „f,l,.,vvMyi vl 

!!-,-gave0'.’541 CO, ami 0 043J II it (■ i ^ || ^ ,1 
;r4ii ,, ■■■.' c.c. N, (moist) si a,,,) n^,,, y j 

i\H AN' requirw tV 58 9 , 11 i ;! , .\ ;; 

of /*! O-nitri, -9:3 
N(),'(\ll(OMe)j-f(if 
NO,-C,U(OMevWC 

- Jilioii of hot, fOiu-sntrstfa m'ri,- a.j.l on -j :1 ,| i,ii,i,.|!,„vv. 
i.i.fii.oiS was invostisjaio,! in iho lioiio th.ii. .i,,.|vi .iili,,i,(iii,,iii 
, ; „, ur, aii.l as a result that I .'i ainitr..|.yti'u;,l|,i! |nii„.ilnl 

„ « .iilil lie i.«ilale,l. One j-rain of tin tli,,\yanlo 

. ,, nas ilissolvo.! in eoinentrsteil nitiie aej.l the solminii 
, -I Hulil llie vijiuriius reaetion, whieli lia.l wi in. .i.isnl. The 
was (liluttvl with water, wlien a shr'hllv ..liy snlnl w'as 

:i,il,it'-'h The water was ileeante.l, aii'l mi a<l(iini,' alenlnil the 

, lit lavaine e<iiii]ilelely ssilnl. It was l■.,l|e,•t.•,| aii.l |.iiiille.| hv 
- tiahisilnm fnnii heiizeiie. Irnm whi. Ii it se|.ai.ite,| in simili, 
■M' velh'W iieeilles: 

i.'i: iMve 0 L’tiy.'^ t'lC and iHitl:i II .0. f 17o ,lI .' 1 7 
ll„0|(N', reiiuires (• 109; II ;) a per .enl 
;i:t IS ins. Inl.le in w.ilei, 

..r dilute sinlitiin earlnniate, hnl .|i-s..Kes m ||i,| aielii: 
N'e t :.5dinilro|iytni;alhil liiinelhyl .tliei was ix.l.ile.l Innn 
, tin-r iiijiiors. 

II ( lilu^ltiuiiti, C .,11 ,,t )-N ' III 

' '■ < ‘i ]l f t }njl llllftilr 0(1 Irillllilltf nil t n no J Ktiu ( l]t.'j 7 tl.l) 

!’■' «,.linni earhonate washinas fr.nn the lliienai.l le.iili.in 
.7." I were ev.iporated ini the water hath tor a sh.nl lime |.i 
• •" liie ether, toole.|, and .'I'l per n'lit. .n|neiins p.il.issnini 

■ ii-ie was ad.led until ini inure preeipitali' appeared The pre 
ad pi.t.a.ssinin salt was enlleetisl. snspen<le<l in w.irin w.iler, 
a. . iiipiisi.d liy dilute hyilna-hlnrie acid, when an ml was 
t tie.! which solidified mi coohne, 'I he selni w.is cnllei led 
; .niasl liy crystallisatimi frmn iM*n/.ene. from which it. 
t'tej ,,, small prisms inelline at Id.'i I'JO," 

. heaven yTT.I CO, and (l■(l.')0■l II.O, (’ Ol-ltU ,5 1 
r.’/inired H 'fic.e. .V In ll„SO,. .V 0 0." 

' ,11 ION, requires Cv GU'9; II .5 di ; N Ofper.enl, 

'■ ll,.,0;N. „ ('-fil l; II - 4-9; .N G8 ,, ,, 

* Other aualjwi (’- 6 T 2 ; M= 7 S* 2 ; N - 65 . 

H r 2 
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It Wifcs fouri'l ilut a {leUrminatioo of tho buicitj uf 
iUratiun with iiortnai alkali gavd UHtrustworthy 
point With plifriioiphihalt'in extremely indf^ditiu 

la conclusion^ 1 desire to thank the Research Fun] r - 
of Uie Chemical Society for the ^ant which has tlefr i.^ ■ 
the coat of this investii^ation. 

McCill UsiveK«iiv» 

M»mkkal. 


Cd.XllI. — TIf of ih *' Atiloh I'l I , 

A^kaliA. r*trt 1. The Aftnm t>J /Wi/ , 
II ijflf'oxtfh' on Dihijth’oxyafturu' .!<■/ 

roj-ifln'hf-mi' Aeid. 

hy Hi:suy Uuni)i:l \a: Scbi'K and John CiiAiats Wirii.r- 

UsK of Uie Hta^'es in a ruethoil for the deleniiination ui i -- 
Uitioii of fatty acul.H ((’rossley and l.e Sueur, T.. H'/J, 75 
76, i-onsistH in the oxidation of the ilihydrnxy ii r.-. .■ 
i)f the arid under invrsti^ation by means of eliromir mi], v.. 
was pointed out at tin- Lime that when dealinj' with a h;.'!.': 
arid the iniwdnhility of its hy<lroxylaUyl derivative :• .a 
this oxidation a (iillirult o|if>ra(ion. it was thought tlt.U !' .i. ; 
the livdroxylaU-d «l'Tivative with potassium hytlroAi i- ; 
rephuo tiie oxidation with chromic acid, and in ord'-r i ' 
gate this (inint otic of us (I,t> Sueur, T., 1901, 79, lii!. : *■ 
dilivdroxyslearic acid willi poliissium liydroxido in Ih*' i. y • i 
<»xidatioiJ would place thus; 

Cll3-l('IL]:-(;0,!i4 aUI-M'H, ‘ ' ii 

Tlie results ohUined, however, were quite different, in : ■ o 
aliown that, the main prodmt of the action was a nii'ii ‘ 
dicarhoxylic acid of the formula The present u.v- : 

lion deals with the constitution of this acid and also nf ^ • ‘ 

acid nbuintsi hv the fusion of ilihydroxybeiienic acid with p ' 
hydroxide. 

When the acid w<»xidised with potassium jfi ; i ... ^ 

in aivtone solutuui it is quantiUtively converted into i ^ 
carboxylic acid liaving the formula Cj-lJ^O;;; and vvlu n :: 
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*>»»* i** lUflUng [wint it reii.lily i.iscs water aii.! two 
unnturaterf dirarlwxyli. aci.is, ('.,11. tl^. ,,re prmiiifisi, 
:>ct4 M US to siipnose that tii.- was a 

having the constitution 

co.n-rnpCU(oii)-(t'n,i„t’o H, 

; to aciti would give on oiidation tlie hetonie aci.l, 
COjH-Cn.-CXi-K'IKli.-t’O.ll (h, 
tje latter would renlily lose carlv.ii diosi.le to give the .uiii, 
(t I'lLjit'COon. Although the free aci,l (^li asihlv ..uihl 
,, w iwlated, one would cspivt th.il its etlivl ester would he 
^„-:rMly stable to admit of this Kin;: 'leiie We e,v. rdiii.’lv 
the etliyl eater of the avid. (Vll.w*' ■ w'lli ''Mdisiiig eg, ills, 
. ,r spile of a large inimlier of experiiueiils we were uii.ihle I,, 
sii.r. the ilwired esU'r; either no oxidatlcu lo„k pl.ic,' ,.r if it iti.l 
■>,’ iwrisiii dioxide w.is lost aimulfaneousiv. .mil I he lu ul l’|.lle.lf 
ii ireiiieeil. \tc then dei'ideii to deterium,* the eeiistitulioii of 
kft.uiic aci'l. and for this purpose it w.is tie.it.il wuh hydi.iivl 
t w, .iiid the reaultiug oxime enuverUsl into the correspoiiiliug 
v ies hy heating with emieeulnte,! sulphurie aeid, imd l.hew 
I'V. were liydrol\,s»yl hv healing with hvdns-hh.ne aeiii. Th,' 
•■iads the hydrolysis were ideiititi.-d as uenoic ,irid, oelvl 
r r'. aielaic acid, and ij amiu,, n is toi,- a<-i.!. Ft, ,111 this it 

I SI that the kel/uiie group is in ih,, lui.l lie th,, rh.iin, iiu,| 
i! i' ,' almve pro,lu<'ls .are f.,rons| as folh.ws: 

il;'i'II.!--('ll-[(-I|Jp('(UI '"-"'I. 

('tl3-(f|l,|-,|'(N(lH|-.l || iefl),|| 

II 


1 

11,0 fli yt'll, II .(•(I II 

i! ■,t'll,;.-COji MI,-|Cll,j;-C'(),.ir " " 

, '('(l.liei'll.i .i;() If 

■ I -iti,,n of the earlaiiiyl group and. of eoiirse, „f Ihe l'll■()|| 

■ “in.li givc.s ri.se to if, having lay-ii eslahlislie,|. It, now 
•o| to determine the po.sition of the laihoxvl gionp wliieli is 

I-'I ill the foniiatinii of the kefouie a. i,| hv tin- „xi,|ati„ii 
" and CijHjiOj. It was natural to suppose that it waa at the 
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mi 

«r 4 of th«f cliaiii, an^t that the cciiatitution of the a. j i 
was The loss of 

such au ai’i'l is heate^i and of carf)ori (iioxide when it . 
are difficult to expUin, and t)ii» diffti-ulty led m to !; .. 
further. 

[t has lieeii stated already that when the acid (V.li 
above il» melting ixniit it readily h««* water to give the 
arid* Ci,Hj, 04 , ami on suhniitting these to oxidation ».• .. 
the chain the following arid* were ohtaiiie<l /^-rcto.-. 
aulieric, and azelaic. The otcurreiire of aielaic arit! ? 
tion j/ro<lucts shows tliat the group i* 

jfiirenl m id, and ti«e forniatioii id n iioiioir arid umbr 
tjons IS evidcnre that tin- group CMj'[C!L];*C' is a>., 
'J'iiese results i»oint to llie romiusion that one of u.- 
group* is near the middle of the rhaui. and tins is suj.>p'>r'. 
fart that when ilu* uiis.tt iirated adds Juriried hy the ! 
from the add are reduced with liydrogmi in 

of platinum hi. irk a saturated dirarhoxylic add. 
at TI'5 T‘J . iH f>btame<l, whereas llie normal di> urb . a 
iiielt-s at ilH'"''. This ami other cu.- 
|eil us to the rom lusion (hat one of the rarlwixvl grou; » 
liydroxyl group were attached to one and the saiim i u! 
and that llie and was a hydroxy a (KtyUd .M 

This was pp . 

lorrn't hrvond all doubt by the actual syuthesis of it:" 


me.ins of tin* liydrogen cyanide method thus: 


(,'11. 

(;ii, 


I'yiA 

[(''ii.,i; 

((•II ' 

(;o "" 

('\(Jll)-t'X 

('(Oil 

1 - ■ 

(tyM: 

[(JICl, 

IC'M: 

('(XU 

('•(Ul 

l''0 II 

Tile svntlietic aci«i 

had all the proprrtu-s of 

tiic 1 r;., 


thus when oxidised with potassium periiinngaiiate U 
ketomc ari'l meilhig at 7^‘5'\ ami wlini IumU-'! 

lost water to give a product whmh readily reduced 
pennanganale, etc. 

The iiieiititicalioii of /i-octoic acid, n noimic add, >Mi 
and azolaic .ichl as the products of the oxidali"ii ty 
permanganate of the unsaturated acids prf«lure<l by tli-' r 
the elements of water by heal from o hydroxy a '> ty; • 
diows that this los<j lakes place in two directions thu> 
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OH. 

■■H,'- 

>H,0 

iO,ll 


CH. 

CH, 

((’»,]. 


CH 

K».., 

C-Cl),H 

‘ CO, 11 


lyiiA 

CO,H 

('•0,11 

CH. 

CH. 



('••(■0,11 

(jo,,H 

CU 

CO.II 


[('H,l„ 

(O.H 

('0,11 


: r j'r^"luvl of tilt* fuMUH of (liliyfroxvsiiMjK .ui.l willi j>i‘litvs 
A.is-.xule alju* foiitiiius miuiH u\ a .ui.), 

'Af !in<l to Ik? uleuticiil m jiU witii ilip k*‘lonii .-mil. 

I! M . un'tlnij; at .tmi |ir«Mlurr.i hv ttu- nl iln- 

«' Jj ,n with pola.vviuin )HTin.in;;.iii.il<v Tli.ti tio* I'.'cm n-m •• 

'/. n jAftoiilc llt»‘ |ip'.lin (.s of ili»> fiiMoii is lim* to 

' irtiivr oxi^lntiou of tlu* and I'l^vid l.y lln* t',nl 

;i a fi*ri(inl wh^n tho aoid 
.Atfiiifi; hv<lroxide. 

! i-rt-vious voiiiiimnicatinii (T . I'J'il. 79, l.’Uir) dr.ilui;: wiili 

of (liiiydruxystmrio aiiil with liv<tru\irlv tin- 

• ‘ nroiu'oiisly to liii> MAomi aoi<l 

i .o'ioiiost tho jifoduot.H of tlio fu'mn. '!'lll^ riior oi-iK 
i fur when ono roiuomlMTs that iho amoiinl tlu^ a'lil 
.it that time wa.s small, ainl that tlu-n- i- oiilv ,i 
T' !;.*' U-twoen the |ior«-ont;»},'os ‘if A-arl-oi aii-i liv-li ''i;» ii ii rjuin 'l 
f'lriiniU! '*>"1 

1:, r Irr to soo liow far llit-s r»*rjiark.i!'l»‘ j'M' ti'm \\.i> vm' 

fiiit a similar invostioation of tho artion oi fu'>*-»l jinta'^'iinii 
' v; !-' on diliydroxylH-henic .uid. and liiol thsi th- pa'lion m 
? IS exactly analo^tnis t^ tliat willi dlllvdr'|^V’•t^Mt ic ;n id 
; srovylK-henic arid, obtained by t)i»‘ oxidation of orio-o- .uid 
;-tasf.iuin jK*rman^;mato in alkilino solution, when fii‘><d 
;«^{a.vAiuni liy'lroxido is ronvortod into tlm monohydroxy 
vyh«' arid, (.'.wH, which on oxidation with [lotaf-^nim 
o;jaiiate loses carbon dioxide, and vields the kHttnn- arid, 
h riie coli-Stitutimi of this ket‘mi«- acnl lias In-eii d« I' l 
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2 H(Jt 

minwl, ami the parent acid lyntheaiaed from it by t}» 
cyanide metbwJ. Theae variona changea are tabulated , 

c,H„-CH:cu[CHji„-cOjn 

C:,H,;-CH(OH)-CH(OHr[CIl,!,,.cu IJ ' ■ 

IMoO,. ' ' 

c,ir,;'(;(on)(coji)-[cii,)„-co.n ^ ~ * 

hi;* ■ bydielnit, 
tvn,;-co-[cn,!,pi II i; ' 

H-'ll. 


II;' I 

CJIipCO.M ! NII,-[Cry„'(; 0 ,II l',H,:'NII,'tCO,ll-,r|| .( ; 

Till' |.r')iliiit Ilf I be fusion of diliydroxyliclicnic noiil » 
iiiiii livdroxidi' also contains small quantities of iht' k.' ; 

wliii’li is iindiiubteilly formed by the osidaii - 
Iii-id ('.,ll,,0, by the fnsi'il [inlasaium hydroxide, 

The almve intramnlei-ular idianges which lake 
t'lisiim wilh piitiissinni hydroxide are of piirlicnlar inl.ri ’ • 

involve the inivralion of the he.avy group C,U|;- fri.iii ■ .■ 

atom to another adjacent to it. It is probable that !;;■ \ 
precedes oxidation, and that an acid containing a prii .r; c 
group is formed as an inlenneiliate product. If tliis .i." 
granted, tli-n the fonnalion of the dicarlio.xylic ;u. i . > 
explained, for it has lieen sliown that primary alfili h ■ . 
yield acids when they are fused with pota.ssiiiin hydroxid.' (li . ■ 

f'hnn/it. mil/., 1911, 163, TI87; 191‘J, 164, 713): 

I 'l l, II 

|-■('li, oxiilsii™ ridlli- I II 
[rib. 


t;tb, 

(rii,]. t;ii,,-iiii 

I'H'tlll liilrsncilfnitac r(0|||-[ITi„ 
ITI-Itll ^ [Cll.l: 

I I 
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tie object of obUiumg dimt 6vidt^nc<' as to the oorvectiiMa 
^ ^ sbo ¥0 supposition we fuse^i dihyan'x.^tcinc aciil with 
hydroxide in an atiiu.sphrre t>f n;tr.-;.n. and m Uiis 
y'M reaction to the iiitraiLolrciiUr chango. In 

^ hcwever, we were not successful, as the priHluot tuidcr tJjese 
also the acid the yield of aeid Iviiig liic 

lx>th cases. This result is ncvertlu-less iiit<'rt*»tinij as it 
u-.\i the oxidation occurring during iho fusion is not 
^.^. jri.t on the presence of atMu»sjdiene oxygen. 

iuve l>«n unable to find any nvnrd vi th,' m. veiueta of sneli 
^-,ivy -roup within tlie inolecnle ..f an aliphitie .nnij.-aiihl A 
analogous case in the anuiialie mmus is tin* lurination 
- 'eiinuc acid by the action <'! fiis*Hl I'oi iSMiii'i livdioxide on 
Ai: 1 by the action of anueous potnss'iniii livdroxulo and ,»ir 

>!ij- in. 

Expeuimkntai., 

rrffifiration 0 / a-Hy<frnrt; Arul, 

• .. ,i«id was obtained by tlie fusion (.f dihvdi'-wslenrie arid 
j.- i i^sjurn hy<lroxi'le. and (be niethn.l enij'I<-v.d did jn>(, differ 

• V ('SiMitial deUil from lliat dejn-rilw-.l in a ).rrvi..us nunmiini- 
0 . : (Le Sueur, T.. I'JOi. 79. IdKi. --xe-i.t Ihat the arid 

■ ;ii hy aeidifying the :n|Ueoux M»lutinii <•{ il,„ fusi.in was 
ill ether, the ethereal solution «lrir<l and w.tporaUal, aiiil 
• hit* erysUlliscd from mixture of bmzi-nc and ehlnrolorm. 
yadd of pure achl melting at 111 llJ was very rniistant, 

• ! A':.' anted to fif) |a*r rent, of the the. reti'.il. 

T - derivative. <'<»JI*r(01[7.|((\H was 

•'iir'd hv the Sidmtlrn Uaumanii melliod, in the io-pi' of obtain 
: k “hi derivative which would sirve to rlianrli-riw^ the parent 
rnfortunatoly, it proved to be a glassy mass, wliirli rmild 
•1 V piiriiied : 

(;^ve nT)776 CO., and O IH.IS IJ.O, (' i'.^ .'il; li S '.II, 

- rerjuired IS'S ox. ri-l.V-NaOlI. M.^V. IH'J h. 

*' II .<1^ requires C-6908; if S'.S'J per cent, M.W. 'I."!-! .1 

•’ ei Tiitrohfnzni/l derivative, 

(t).n*C(6-co*cjf,*xo.;)((\H,:)*[nri^ 

' * :r-r.ar«i from the acid and w-nitrohenzuyl rliloride liy the 
;t^ii Haumann rnetho^i. The prf>durt was a visrid inaM. wliirh. 
trratinent with dilute hydrochloric acid, was freed from 
.icid by boiling with water. The insrdnlile residue was 
*'‘■•5 :’’*ed, fir.st from dilute formir arid and then from a niixluri' 
' roform and light petroleum, from which it .separates as a 
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wlaU; j►‘^w•l♦rr riifcltiiig al 8 * 1 - 81“ It i& insoluble iji 
euiii, 'Uwl Wilubb' ill chlfjroform or glacial forinie arid 

gave .j 4 cc. X, at 2ll' and 75a mm. X - J! 
C,,IljjO,X re*|uirtfA X~2 92 |>er cent. 

I'/r jpioifton hf H Kf^»fMrtjiinc Ami, r, 

Ten granu of a liydroxy^ octylsebacu; acid Wbf«- «. .. 
lijO c.c. of acetone (|»reviouiily |mrilied by trealmeiu. ur , < 
jK^rinaiiganale) and 2 *> c.r. uf wal^r, and the inixlur*- /, ,s 
warrtied with powdered |Kita>«iufn |»ermaaganate, win. ;; 4 , 
ally added, Alter the addition of 8 gram* of perniif;;- 
oxidatn;!! p!oi*i*de«i very -hIowIv. The acetone was then x-’ 
dl.ilillation, the residue trealeil with water, and lii*- •’ , 
•lioxid* dwiolved by dilute suljdinra* acid and wilpion 
The prei'ipitated and was diwdved in etlier, the etiiiTt-ii 
waiihed, dried. evaporite«l, and the rejndiie iTysta!ljv,i 
Miixtiue of chloroform and light jrt?lroleujn. The yield a . 
r-en( of the theorelioal 

n l.'idO gave ') CO., and d 1578 H/>. /l id ; f| 
lld7tiil re(|;iire/l 15 li n'l,\-Xa()lf. M.W. 2'7. 
C|.||,^,(),, ivipiires C 71'77; M per rent., M A\ 

// A no//////v/o/o' /iro/, (.',ll,;*CO‘|C‘ir.|*d ‘O.li . 
in colli chiorobinn and inoflcrately so in ether, alt : 
ai'(dal*‘, 'tf henzeiie in the cohl. It \s invdiilde in liidil !♦ 
ainl i ! v»lallis**.H from a inixliire of this ndvetit aii'l l id 
glistening [ilates melting at It is not oxidi.sfsl by 

solution /jf poiawinm (?erm;niganale in tin* c«iid, The a: 
|irodii<s‘il bv the tnsb*ii with pola.vtiiim hydroxide t>l' a 
a oct vlsrdi u if acnl The white nilvfr .salt wa.H ol)t;tii)f<l • 
a warm aboliolir .soluti/ui of the .mxlium salt of llie and t. 
alcoholic solution of silver nitrate: 

|)-J781 gave ODTS'I Ag. Ag 2810. 

C,dl .,0...\g rnpiires Ag 27 Ot) per ceiU. 
.l/cf/t tjl >* kt fi>mnrifttriit ‘ , C.,ll|-’('U’|CiI ,|-‘CO ,Me, w n 
l»y iie/ding for bnir ami a-haU hours on tiie water batii . 
of 8'5 grams of I lie ainl, 9i) e.e. of methyl alcohol, and 
foMcentratfsl .sul[diuric acnl. The product was poured :!i 
tlie ester dissolved in ether, the ethereal solution dried, cv 
am! the residue iTvstalliso*! from methvl alcohol, fr-ai 
s*>p.ir.ites m large, |)oar]v llakes, melting at I-V.t : 

0 1518 gave O ltbU) CtC and tt 158.5 11.0. C 72 hC H 
C,Jfi,(>-. reipiires C :72I2; 11 II I9j)er cn;^ 

• A wi-ead ausljsis gave <.'=^71 n? ; H-11 <0, 
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^ tf-kdomargaratft C\H,-*t\>*:(‘!l. ■-■I’ii Ki, was prt*jmrt^i 

H.rlhtui used for the |*r«*par*tu>n t.t tho tiiHiivl ami 

by t-ryslallisatiun from diluir itlu-lu-l, firui wlimh it 
.11 (>eariy tlake* a! (t is ir.uhlv Mihiblo in 

' viiwue. clilorofunii, or aivloim in ilu* col-i 
,1 i-ive U :’9C4 CO; iimi 0 ll7l’ II. iV V S'j [{ ) j 
mjuirt^ C ; II li b;: |Kr v. iil. 

^ i . l‘N' H .. u .o [irf]i.(r(Hl 

, j CraMis of tlie kHojiio iuitl ami i* s ilaoiivl 

* . jf vit-re lieat^l loj^eilier on llio w.ttt-r b.itii !(=? ti.ilt ati imur, 

,i [i.< i‘’M prixiu'l WAS |«*urt*’i into r\«fSN 4 i ,initii<'iii.» Tli<’ 
amide was »lissoIv«*d tii flbt-r. tlu* m;uIi--ii u.idicl. 

i^y' 

.u; i rvaporalsnl, and the re>idut‘ irystalliM-d ii..ju im\lin<' 
r I'.irm and li^lil j»elr'*leniii. when it ol.t.uiii-d m nulr?. 

<it 119 . It is iiixihil'h* tii litjhl jHttulfiiiu, 

.i ;;^^<lves in alcolud. chloruform. fllier, U'lizi'iie. or lid w.iU'r 
o.ive I'd i.c. N. at ‘J1 and jbd intn. X I i.i. 

C^.H-^V.N regimes N’ 1 9.‘t per out. 

. i^,<. ■ in/>trfll 1 fluh . C\U -•('Odf'll .’■•i.d l-Ml ]*Il. WIS nht. till'd 
■'.r r ii"!! of tlio afitl rldorid'* < prepari'l hv tiir inter, it iKin «d 
,,.ii ttid ihioiivl rlilori'le) oil iiniline li w.is piinried by 
ttioii, first frmn airtn- m nl ainl lln-ii iroin fciinie uid. 
A.ii '-I'tauietl as a white, rryst.illine pt'wdtr. iimIihio hI *.M‘. M , 
v-.if's freelv ill rtleoliol. iiivtone, ehl''r''f"nii. in' is 

;v ; V '-ilill'le in clluT, metif ami. or I'onnu- .on! iii tin- mM, 
^^.illht^■ in light (H*froh‘inn; 

..'J i .’■ivt' D O t’.o. N_. at 19 aii'I 77ii innt, .V 3 ‘.I'l, 
r<-|uirt-s X* d'.tn \»v rent 

ii-u-'ir’>ii:itnr of t/ kftoniar;:.ii le acid «.«s obi aiii'-d bv In ,il 
' ! ;,v»' hours on liie w.ilerbalh an aijucous alcolj'iln’ solution 
'■ .Tiiu of the aoi<l, ‘>'5 i;ram 'U scmicaib.iznlc iivdiot blm idc. 
i L;ram of dry polasMUin ;n-clat«\ and w.ts jnuulictl by i ryslai 
’roiti amloik', from wliich il M'j.aiat*‘s in sl«dlar agorcg.iics 
:r:.'-!is melting at 111 . It is sparinglv ^"Inl-lc in ilcolinl. 
■' or ethvl acetate in tin- cohl. and is insolnbie in dbcr or 
. ■ jslroleiiiii : 

ij'ir, gave 131 c.c. X*. at 19' and 7i-l min X’ I J on. 

(KN’-. nujuircs X' 1- ill ]mt (cnl. 

; ’■ of H ketomargarif acul was prf|'ar*‘<l i»y boiling (,11 fim 

’ 'tI'jiIi f()r tiirce hours a solution of -> giams of the .ni'l, 
’! s <if iiydro.xylamiiio liydifwliloridc, and 3 grains oj .'•■'j'litun 
; xid'* in a mixture of I't C.r. (d alcohol .tml C c of water, 
^A'jbo! was then evaporaUd, and the prudiitl jjouied info 
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(liliitA! bul]>liuric aeiri, when tiie precipiuted oil was extr — 
ether. The ethereal solution vr« irashed irith water. * 
eraporated. The residue was a colourlesi oil, which di 1 ■ ^ ^ 

eten on leaving in a vacuum desiccator for three ir.or* 

0'261d gave 9 8 t.c. Xj at 15 - and 750 mm. N ^ 4 3!* 
C’ljHjsOjN re^^uires N~4'68 per cent. 

Convfrtioh of tht Orimr of ff-Krtomanjiine Aci/i into . 

c,n,/Co-Kn-[cn^];*coai nod tyi,;*XH‘Co*[CH;. ix.j'i 

The oxinio (8 grains) was slowly |)oured into coucfr/r;'.,- 
jdiufic acid (40 c.c.) and the solution heated for om- j ^ . 
hours oil the waterhatli. The resulting dark hrown ■ i 
cwjled and slowly poured on crushed ire, and the j.f., 
amides were collected and crystallised from dilute acetic ;; 
which they >w‘jaraU;d in aggregates of thin plate? , ; 
r>8 o- Although the suhstance thus i.solaU-d is u ; 

a luixture of two amides, tU ineUing point is ueviTii,. , 
sliarp : 

I) L'lnO gave I0'4 cc. at 17 .r an! 75.8 mm. X I > 
reijuirea X-4'f)8 per evnt. 

Hydro! i/Aif of (hr nhurr .1 wiV/cs. -‘JT) Grams of l.lje a!:, • 

healed with lli c.r. of ctmceiitratod hydrochloric ai’id ' , . 

tulk* fit 1^0 for four hours. The dark hrnwn |)rodu '' . 

from H^vtral .*<11011 «{tiautities were luixe'l witli waU-r .u, ; .• 

in a current of steam (distillate- A). The residue was , 
alkaline and again distilled in stoam (distillate » Hi. Tif : 
was now concent r.at<*<l to a small hulk, and poured int<t 
coimentraU**! hy<lrochloric arid, and the miaturn left for ' ■ 
when ii (rystalline solid w'parate*! (aolh! - C), which was 
ijy filfration (filtraN* D). 

/hutdhiir .! was extracted several times with much • 
ethereal solution washed twice with small quanlilies * ' 
rlried, and evajiorated. The residue ohUine*! from ‘Jl < 
the nii\e«i imides weiglird 4'8 grams, and all (listii!e«i I-T''* 
248^ and it wa.a purilied l>y fractional distilhtii n, ; 

portion iK^iling at 2.51 -253- collected for analysijs. 'Ih ' ‘ 

readily .soliilihed »)n rcMiling in ice. and the resulting 
at 12- 13"; 

0 3:20 required 21*1 r.r. n-l.V-XaOll. M.W. 158 I. 

II Xonoie arid, has M.W. 158. h, p. 2 .j3 I ic< : 

nt. p. 12 0^. The identity of the a<'i'l with « iioii"!'' 
further proved hy converting a small quantity of it lui- - 
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, , ..Ji. after crpUlliMtioii (rum aU.lutc aUoliol, an«ll<J at 
^ .hub ii lh« (aeltiiig point of tiiio iioii.i.Ato, 

if. -Tiiii afkaliuo (jUtillat. was acitiiiitsi with iiy'irtw 
a*"'' resulting solution mixiHi witli nmrb olJn-r in a 
funnel, and then made sirougly alkaline with (w taasinm 
jJnvi-ie, and the whole quickly sliakeu. This jiroce.lnre was 
^ ;ii order lo enable tlie ether to dissolve ilie liase before the 
,,i,i had time to combine with the water to form a hvdrate. 
driol ethereal solution on evaporation gave a residue which 
>i between and 177'^. A small quantity of this was 
jcKited into the platiiiichloride. winch waa analyiwsl (^^iulld, 
pAi79 ili- [CgHjj*KfL.lltl].Plt Ij rrs|uiree 1*1 h'.' .'1 per 

:r«i base gave lim carbylaminft reaction, .tiul rfailtlv 
j.,rrrvi oarbon dioxule from the air. It u tlierofoiv itlcjiiii-.i! 
j - vivUruitie, thd boiliug point of wliich is 175 177v 
f j Cglf| 7 *Nil*C’ 0 *Nlll*li, w;is [irepdrt'ti liv 

■ -1 gram (1 mol.) of plieuylcarbimide to 0 -1 graiii (_l luol.) 

[ - i!»ivc base, disaolvod in 10 c.c. of dry U-nione, aiitl allowing 
j-e :;„'inire to rtniiaiu overnight. Ilie soluLuni was then ooiuen 
M half iu bulk, .tinl uiixetl wiili light }>elri'leuni. The 
whit'll separated was dis.s«‘lvetl in a nnxlnre vi linizeiie 
. i hti.i jietroleuiii, fruin which it ci vslalljs<*3 in ilak'S. nnlliiig 
, lie IS readily soluble in alcohol, cliloxofonn, tfj' licn;,riii’, 

; .IS tiivilulile in light petroleum: 

I'o'i gave IT'l c.c. y. at Itl ' ami 770 mm. N ) I d’j 
CjjH.jtONj rt‘<|uires N ll -’J per cent. 

* / Tiiis eonsislcd of Iting, tlal neetlles, melting al 

lor, which, afu-r crysUlIisiilnm from water, were ipiit-' 
s* iiiid ineU<v| at llMi',5-'. Tin* acitl had the clnsracterisl ic 
--.r.iiice of azelaic acid (m. p. loG"'). with which il is nr. 
.'Ji iiv identical (Found, V 57-l(i. H S'T.'i. MAY, 

H ,0^ rtt[iiirt*s oT’-lO; li <S'5t5 per cent. MAY. l^M). 

riV /y -Tlug, which coiiUined miicli free hvilruchloru- aciil. 
» • r to dryiie.tis, the resiflin* p.trtiv dro-tl, utri tlmn 

' - extracted with acetone. This acetniie Miliilion on eva 
le!t a rosiduo wliich was diswdve'j in hot alcohol, and the 
.‘Wdliitiofi was mixed with an <*<jUiil v<»lume of edu-r. Kr"Mi 
- ' I'.luro the hydrochloride of tlio amino ;ici<l was depiMted 
” in gli.'iteiiing needlea melting at l-la— MG". (Tim liydr'^ 
of f;-amino-/HX’toic acid melts at MT’'). (FifUiid, S 7 10. 
.H .o X,HC'1 rerjuires N-7'IG por cent.) A srn.ill quantity of 
' - ^y irochloride was converUMl into the platinichloriiio (Found, 
-■ :GG0. Calc., Ft=^6'i*0 per cent ). 
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Tljf U'stUliitg lr^»i« tW liV'*lrolvsis i.f i|„. ,, 

rltf-rfrfor*^, au.iiiO M-w-tinc aciiL 
7’K* yifIfU of tlit‘ fiHir suh«(aiim flhtaiiifil by Ih*- ' 
the ntixe<i amkle>i were aa follow*: 


« NoilUtt iWill H.I 4 |M''’ i-.-t.? ..< 

’« ,, 

a/ ul *:{ 0 

i»f >j Jifi.mo 67 U 


fi’oi f/i'ihiiii ttf fftr f iimtnriitril .{fuh, ir-.Hx a// 

Acul. 

ijrams »•!’ a liV'lroxv fl ^h-IvIm-IwicU’ iu ul wt-rc . 
uii'lfT a |>n‘*Hiire of 25 iniii. in a 
in u MM'tal hath. Klf«*i v*‘**eiue, ‘lue lo the evoluii' ;i 
vapour, l»ei/au at alioiit .-mkI rapkily iuiTease*! ti .. t 
lur»‘ Tl»‘* vapour fvolvr^l vonuiiie*! only a irai.- 

'lio.xi'ic. Tit** t*-iii(KT,Uure wa* mainUiuHl at aUjiil J*- 
off»TVe*r<*nre li.n! uini then rrtt*e>l »'r:nluallv. a- 

liquid flistiiled U-tweeii 2'JU-' and itlf' and ijave ‘1' 

• lutdlate. Till* wa* re*li*tilled under !><> intii, 
portion IjoiIjuo at 2'M J‘J5 odlKletl lor analysis. 

0 Ih'jt wiivr I)' ('(Kami O't'j'iii 11,0. (' ft'JoJ, H 
( ',,H ;.0,_rt‘*|itir(‘H (* t'.O’.'.'i: I! ■ 102’)S jifT-ct : 

A fmm another |»re|Miratioii wa* roiivert- 1 

silver salt and analv^Hl . 

II ''.'tvc int87u A<; A» 4t) 13. 

requires A^j II 0‘J per eenl. 

Tin* aliove lli/meH ai^'ree .sutlMiently with tiie (Ml'ui.itfl . 

hIiow that the *.nhst.Mire j* pro»lured from a iivtiroxv a ix : . 
ai'iil liy I lie l"«M .ri water only. It was kept fur s*-v ft i: 
Imt coiilil ji-)t f>e i»hf ttiifd as a tleliiiito solifi; also, h-.s;- 
under ilmiini'ln**! pressure pr«)du<e<l slight <leenitij><iMt . 
eliiniti.itioii of witer from a livdroxv-a oetvlsrdraeie .uni ' 
Ini' it with sulpliurie aiid was als<t lru'<l. For tins [ ^iii 
a» id WAA iieatetl at ’JtHi 2‘Ju fur four and a hall Iioih' wii; 
eerit. stilphurlc aejd in a Maled tulte, Mitch siilpiiui di' x 
evolved when the Itihe was tipened, and tlie nuilentx m,.: 
|o consist for the nio>i part of « ketoniari^'aiic aciii, ne- 
7S Ill oiliei wiipls. the siiljdmrie a« id had acted as an ‘ 
oxidiMiii; a^’enl. In aiuither experiment, the acid wa> h-n 
dilute sulphurh* arid for two hours, hut, in tins cas**, 
was recovered unchanged. 

That the suhstancc protluce*! hv heating aiiydr<-x} 
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Is II 

unsaturiitetl i» (utitiiiutst \>\ il»' f.iiii iii.it it ri-;nlil\' 
tn s*.ltit...ii ti) tin* 

, j.f te-r the influence of j.Ifttinum M.uk. .il.M-il.-; i-viiroj^eii to 
^ siturateti ili.'srUtxylh- <icia. ih-HiiUil on 

;i|: Its fonstitiition v^its i.v ms tin* 

iit; ’■^‘1‘iinea when it is nxiiliseil liv ['ot.i<sim!i 
^ lielow Two .[uaiiinirs ,.| tl l'Mios c;uli ol liic ;uhl 

.:,v^ !veii in a niixlure dI 17<'i r c. of .o-cli-m- .in.i :'ti «m- of 
j. .< -in'i to this, tinely |ml>isMnni j-« riii.»ni;.i!i.it«' wus 

hraih-liuii tm»k j'l.tto iuiiiiedKilciv in ili«- i..].)^ I-ismimc 
^ on warmin*'. Siiinll iju.nititics <■{ j-fi iii.iii;j;inato 

,... from time to tune to the hoilme 

l utlier reauction. Tlie acetone was thi-n .listiili-,| ,.f?, ili,- 

p aioxhie aisso]ve«l hy means of liilute '.nlj liur i<- u'.i 

. v.‘: li'ir aioxiae. am! the winae ai>lil!i-a in a i iiirent i.f sIimih 
U' ,V). Tlip mother li«|Ui'r In tin* tla-^k aepiMl.a, mr ulI 
, ; « li.i t‘J jframs), which was colh-tlea ami aisvjvea in ,• c 
'...'tii;: water. Tliis solnlion aeposile*!. I.n uMiluii;, a 
. - , wliicii was removtsi l.y liltration iiiltrate )' >. .iita tlim 
. Nvi'.c'l in hot water. The solutn.n wa.-* neulraliv<! with evress 
,;!Taurn earlwMal«* am! lilteiea while i,i>i Tin- lilt i. if e was 
-itratea to a syrup, allowisl to c<-ol. am] th,* m.iiimsniiti .suli 
. li.ol acparate<l was collectea. It was a^Min .rvMallisr.i from 
, rv finally <!ecomp»»s*'‘a hy lieatino with ailute hvJu chloi ii 
Til'" acia (liua <*!‘tauie«l was nvsfallisii! liom ujUt. frum 
, ;l yjiaralpa in )ar;;e. thin. L'hslenine plates. m<'llii|o a( 
i"'- A mixture of e<|aa] parts of llli^ aeta ami azelaic 
.; if!!, p. lOO ') meltpa at iK'-’ina MW. 1 h7S. 

l! .‘h rKpiirps M.W, 

' '• '/ Y wa.s evaporatea to c!ivne>s. ana the 'liie.! iisi<lue, 
' : .it '.^1 IJ(P, was extjaefea fmir limes with ellier, iimu;' 

!i'i e;nh exlrAftion. ’flu* iuiaiv<i>l\*-a lesiain- nic-lte,| at, 
il" , aihl, after (Tvsialli.sation fpim w.iler. melted ,it Kl- .'i . 
f ■ i (' -'i.VU'J; 11 S ‘JO, M W. 171*1, ie.|inics 

1 ! . II jier cent. M W. 1711) 

• Mil'S!, line was tfius provea to h*' Miheric acia, 

X was extracleil with mm h ether. tli>- i tlieieal sidti 
siMosI oiu-e with water, aiiecl. ana evaporatea, am! llie m-m 
' s<’ fraclionallv (li.stillea. The Ir.ntum hmlin;^' at ■!iM 
‘‘•mifiea l)V aiwlvsis as ooetojc roiit (h. p, ’.’.hi ’.M" 

■ c i MW M'J; Ay li> ik"). reijmrea M.W ill. 

kr silver salt Ag^TJOH per cent.) 

'■ 'r.otion Ifoiliny at ahove ‘Jlo (F'Uina M.W' IV'* 
risjiiires M.WV- loS) was converlefi. Ilumiph the 
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juMliuru Hail, into the itoc w)iich WM ihown i, v. 
n aonoate. Tht? amount of iiu\ysUnc^ dealt with did u t 
tt complete »eparattoa atid iaolatioD in a puio state of > . 
and n-nonoic acidn, but the analysis showed that tl;r«x 
were undoubtedly present in the mixture. 


i'rejioriition of a-Oftf/Urtaeie Aci/i, CO.,H*CH(C|Hp) frH /,.{ 
by Hfduetiini of tht H nmturattd Acuity 

This reduction was eUt cted by the direct additioti > ; > 
in the presence of spongy platinufu. The catalyst 
the reduction of platinic chloride by means of for.'„i. ir;. 
the presence of sodium hydroxide (i,oew, /iff., 23 
WilisUtler, /ter., D12, 45, U72; Hess, /ter., 1913 4g 
and was washed iirsL with water and then with glachil .lu’; 
Five grams ol the unsatuxated acids dijsoiv.^d 

of glacial acetic acid, were reduced. The absorjiu 
hydrogen was never very rapid, the (juickesL rate 
fjO c.c. in tw«*nly minutes. Sometimes the liydiogcn w ,• ^ 
jifcssuro of al)out 20 cm. of .mercury alovt* ih<‘ 
pressure, but tliis ilid not appar to increase the ratt* * T: . 
Wlien no lurtlmr reduction UkjIc place, the acrtir ,u; i , 
was warmed, liltcre*!, and Iho filtrate poured into watrr i 
cipiUted acid was collected and crystal listn] from a 
chloroform and light |iftroleum until iU melting poiij; 
sUnt. The yield was 70 per cent, of the theoretica! ; 

0 1350 gave 0 3405 CO^. and 0’13;)U ILO. C- hvS 79;i{ ! 

0'2054 rc<iuired 13*2 c.c. O'hV-NaOll- M.\V.-311 2. 

('jjjUjiO* requires C-68'75; H=:10'y0 jwr cent. M.W. 

aOrty/se/^ar,c anW, C04I’ClI(CsH,7)'[aJ2]7‘CUH. 
from a mi.xturo of chloroform and light petroleum in i:. 
f)f hard prisms, molting at 71'5— 72'5® It is reariily 
alcohol, chloroform, or ether in the cold, sparingly > 
hfiizeiie, an*l iii.Mdiihlo in light petroleum, Tt <locs ii<'l : 
alkaline .solution oi potassium permanganate even wii' ; 
nor does it decolorist: a .solution of bromine in clilcr :• 
white .o7r/r .salt was ohlaiucd on adding a solution <1 ti' 
salt of tlie acid to a suhitiou of silver nitrate: 

U'15-ti) gave O'OiVJJ Ag. Ag— 40'39. 

CijjHj^O^Ag^ requires Ag=:40’86 per cent 
aoc/y/sr/„toife, CUMe’Cn(C„nij)-[CH 2 V(’'\M 
[irepared by the interaction of the dry silver salt oi the 
methyl iodide in solution in dry benzene. It is an ouy 
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vJd— 2^/25 mm., and dis&dvi^ 
,!v«nU: 

;ave 0 4051 COj and 0 I 63 (t I! O 


readily in the common 
r U. 1159 . 


m 15 - 7&40 benieiie if 0 307 -. M W. ‘^'y2. 

C = 70 11 ; I!. 11 19 mit M.W.^ 342. 

ij y;f .-ii'id and 0 5 c.c. of ttiionyl rhiondi' uero wanned to-jethfr 
v‘aier-bath for fifteen miiiutrt. the pr'kluil waa dissolved 
g fikr, and Uie ethereal solution (miirt^i iut^a a o.'iuvntrafei!. 
vdution of amiiioiiia. The priH-iialated umide was ad 
'•allied with water, and crystalHsi^l from di!m<* ali'oind, 
j^.gj iir.ili it aejiarates in slender nmlles. melting at Ku \\\s^\ 
^lUT^luhle in water, ether, Uenicne. or eldoroform in the add. 
^ ,i. w ives readily in b*.'iling alcoliol; 


i^ave 15 6 c.c. at ‘-W and 754 inin X S 9 'J, 
re^jnires K S 97 jur cent. 


uf aHy<froTi/-aoct(/hfl>niir AciJ from fomfir«/orf> 
Arul 

Tfji i-rains of pure, dry liydrotreii ryanido ainl six (lro})ft of 
r/t! viHiiiiiie were added to a solution of lo jjraiits of f/ke|r>- 
Mr;ine acid in 5(1 c.c. of dry chh»rof<»nii. After remaiiiino for 
‘ rttn^'iiL in a well-stoppered iMittle. kept in a eool ])l;ue, tlie 
rdf tni and excess of hydrojjen cyanide were evaporated hv 
< ! a current of air, ainl the soli<t n-sidne was dissolved in 
!>f, the ethereal solution waslied with dilute Mulphurie iieiil. 

ftiiii water, dried, and evaporated. The resi»lue was hydro 
^ir-i ! V di.s.srdviiig it in i ?0 c.e. <if aleohol, previously saturated 
I irv livdrogen chloride. Tlie mixture was left at the ordinary 
-ntiife for three an<l a half days, and then Unled on the 
livr'utli for eight liours. The resulting Rolutioii, on enoling, 
/ ;■ 'll. grams of crystalline solid, melting at 5 'J \ which 
ro I luid to he Ihe ethyl ester of the unchanged kelomargaric 
: ‘f-e page 2807 ). This w;uh removed hv liltialion, the jiltralo 
a, 'iii'd to dryness, and the resiilne lM»i!ed for forty hours 
' - I L’rams of poUssium hv<lro.x!'le flls.s«ilved in a mixture fjf 
■'! alcohol and 10 c.c. of water. The romph-le hydrolysis 
*• ! y^iriixy-cyanide was difliciilt. to effa-t, and, even after Ixd! 

■ r the period mentioned, traces of ammonia were .stiil la-ing 

■ i The alcohol was evajmrated, the residue ddiiled with 

iicl oxtractod witli ether. The a<jueou 8 mother liijiior was 
p-iiral into dilute hydrocdiloric acid, the preeipilatef] acid 
^ .v<d in ether, the ethereal solution washed, <lried, and 
tOL, cv. 8 X 
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mporated. The rewMue weighed 7*5 griina, and, af'^r ■ . 
cry»ullitttionji from chloro/orm, at Ul~112 x ,, 

of e<)ual parts of this acid and O'liydroxy a octyis^bscit . . . 
at exactly the same temperature: 

0 1371 gave 0'3270 COj and 01286 H«0, H 

0 2:^54 re^|uire*l 135 c.c. 0 I.V-NsOH. M.\V.=i333 > 
re<{uireit C- 66 40; H~:i0 38 per cent. M \\ 

The synthetic achl, like the original a-hydroxv a ,*v v 
acid, readily water when heated, to give a lujm i » „ 
readily re<{uces poUasinm |>eriiianganate. When ^ 

jMawium |>ermaiiganate in acetone solution, the svi ; 
gives a monobasic acid melting at 78-79^, identK.il « , 

ketomargaric acid obtaiiiwl bv the oxidation of a hv-ir iv* • 
seUcic acid. This identity was fully confirmeti by ti.- , 
a mixture of Npial parts of the two acids ineltoil at 7* 'j 
further, the methyl ester of the ketonic acid obt.iiiU'l it 
synthetic acid had all the pro|)ertie9 of methyl 

I'rrfktrnlton of /fihi/tlroj^hrhrnie Aeul. 

Tho methcsl empioye<l for the oxidation of erm-ic n, i.j 
iU)mcwliat frmtt that used by ilaxura and Crussner iV 
IH88, 9 , 048), and since these observers obtained a virl i ,1 
25 jier cent, of tho theoretical, whereas ours nmountc i ! > ' 
cent., wo give the essential details of the metliod wo lu-'j, 7 
five grams of erucic acid (rti. p. 33^) and U grams of p i.v>. 
Iiydroxide were dis}Milve<l in 2 litres of water, the iwilut; -h . . 
to 0®, ami rnaintainoii at this temjieraturo duriiii; (li** ' 

tin* oxidalion. A solution of 32 grams of jmtasftiuni it-rti. ^ 
in I’jlK) c.r. of water wa.s then ad'led dnjp by dro|i \n ?:«' ^ 
lion, which was kept well »tirre<l by means of a tnrlii,- ! 
mixture wa.s alh>wcd to remain over iiiglit, the mangm*--' ; 1 
di.Hsnlved by means of dilute sulphuric acid and sti!j4tur < 
and the precipitated acid filtore*! and crystallis+Ml fruni i'- ^ 


f'rf jkinilton 0/ a /f •/•frin y-a orfi/lflmifCdnnlirtirhii ijIh- i ■ 

Twenty grams of di)ivdroxyl>eli^nic acid (m. p. 127 I.' 
grams of potassium hvdroxhle, and 40 c.c, of water 'Vf’- ' 
togellicr in a nickel crucible, and the whole grii«lii.iliy i ' •.> : 
a metal-bath to 240 245®, and maintained at this lPti;;- rc 
one hour, the fuse<l mass l)eiiig stirred ccmtimiou.'ty. 1" 
mass was dissolved in water, acidilie<l with dilute siilyii’U’ 
and the precipitated acid dissolved in ether. Tlie oiinrro ? 
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^ w»#h«sl. drie^l, ^vaporate^l. and residing 
jjjgy chlorofona and llien from aiftoim until ita uu'Itiii^ 
Kfis t^nsUnt. Tlie vifld was 0^ jkt tviit of tlu* tlit'orflii'al ; 

.-’3j t^are 0 30S3 (X), ami 0 r.Md Hal V r.> Ui;H H OL 
1> n^iuired 113 r.c. 0 i.V NaOH. MW ds:,,;. 

miuiwa C= CS-33; H In 'Jt; per irnt M.W. iisr. ;M. 
f ,„- h/ ^parijij^lv s..lul*lt* 
35 ikvh'd. acetone, or bouien^ in tlu^ ooM, Imi aiN'i<.K,'s muuU\v 
it is sparingly sidubln in liot ftlu-r. and is inv'lul.U* 
3 |*ftroleuni. It crystallises Irtmi acetotu* tu U(-t‘ilK*s, iiirlt- 
it 115 -IIG^. The white tt!t ir &ilt was dl.taiiu^i on adtlmg 
s-lulion of tlie sodium salt of tlie acid to a w.iiiu M.lulinti 
^ ^mt uilrate: 

gave O'OTtH Ag. Ag~ 35'54. 

C«H^/)jAg,> requires Ag 3r»'‘h; p, r ami 
UVii tlie add is Iteutwl, it. iMdiaves ex.ullv like ahvdtowa 
st^ Ijchaac acidj in that it readily Ios«*s tlu* eh'imuits of watei. 
[]f iT'xIuct is a viscid oil, which shows no signs «if wdidifying 
,.,i, kejil for several weeks. It n-adily rediurs an alkaline ioln 
•, 1 |i>>tassMifn permanganate. I»nt fhws not deioliuiM* n xnlulion 
. iMiiine in chloruforni. 

I’reiKtrufinn vf uKtUihnuu'i'soit" .Iro/, 

ki^iit grams of ahy(lroxy oiictyIdiHh'ranalK:irl«i.\y!ii' add were 
in a mixluro of TjO c.c. i)f acelone and :!«) e.e. uf waler, 
'! duly jiowdered poU.ssium permanganate was a«lded io the 
There was no action m the aihl. Imi, (jii Wiirnung. 
I. Util'll iininediutely took jilace, and lieeaiiu* very emirgetic al 
ioUiliiig |Kiint of the acetone, llie |M‘iiiianga!iiite was iuldi-d 
'pi.inlitics at a time until no further <»xidali«»n look place. 

* .i.vtiine was evajmraled, tho mangaiu-se dioxi'h* d!»j>lvrrl hy 
dilute sulphuric acid and sulphur dioxide, and the ptc 
■in-l acid collected aiul crystallised from an'tone: 

' im gave 0 'S2i0 CO. and 0 1373 II, t). (’ 7-1 Ul ; II II Hit 
rt'^piiroii 15'5 e.e. O J.V NaOll. M,W. XV.y \. 

' dj.L requires C- 71 Id ; H II .*^.5 jut ecnl. ,M.\V. lildirj. 

> h' nnroiftitr aatl is readily soluhlo iii roM cliloroforni , 
yj in alcohol, Iwiizeiie, or ether, ami iiiyduhle in light 
>uiii. It crystallises from acetone in glistening, mieac'ou.s 
ineliing at 89- Olt'’. The while mlnr salt was (>l»tained 
' ‘ding a warm solution of the sodium salt to a warm yilulion 
•^■v(-r nitrate: 


H X 2 
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0 2224 gavo 0 0538 Ag. Ag=24-19. 

CjiHs^O^Ag requires Ag = 24i6 j)er cent 

Mtthyl fi ketfjhentieutoate, CU;j*[CIL} 7 *CO*[CIL^ ■( n 
prepared by the rneiho#! used for the preparatiou of , _ * 
margarst^ (p. 2806), and was purified by cryrtall:;„^ 
methyl alcohol, froui which it separates in glisteninv. : 
melting at 59“ CO". It is» readily soluble in ether, cl ; • i 
Ixuizeiie in the cold, and dissolves sparingly in r !/< 
alcohol ; 

0 1296 gave 0 3535 CO. and 0 1403 H.O. C-74 39 . il ; 

C\.JIj .03 requires C~74‘50; H = ll 95 jxr t.:,! 

Kthijl CH3*[ClC];*C'0*[0lI.,\.-l'i ) i;. ^ 

prepared hy the used for the {^reparation c i *. . 

ester, and mas crystallised from dilute alcohol, ir > « 
separates in glistening leafteU, melting at 56°, Ti i, , 
W)luble in cold alcohol, and dissolves readily in the otl rj ^ 
organic s^dvcnU: 

0Ht:;i gave 0 HHO C’O. and 0 1593 H..O. 0-74 T,*. , H . 

re<{Uires C 74 90; H-'l'J Ol {>er tri i 

The trmirdrhiitt.hf was pre]>are4) hy the mellnNl 
tho picjwrulhm of the semicarbaiono of f#-ketomarg.jri‘ , 
was {jiiritied by crystallisation from acetone, frurfs * 1 ,;, 
W’parales in aggifgaU'S of slender »u*e<l!es, inellini* al 1"! 

It is sparingly soluble in Ixnliiig acetone or ethyl .m 

soluble in liglit {itlroleum or ether: 

0'1978 gave 18'6 c.c. N. at 22" and 763 nini. X 1" 'I 
C^HiaO^X^ rwjuires N -10 58 j)er cent. 

Si/itthfuiii of a llytiroxf/ afi(‘ti/hloJrenur(iic<trbii,[;ilii' i-,; • 

u-A’f f'/Amcifoiuic .1 cifl. 

Tlie nudljod u.‘nsl to elTect this synthesis was practii ‘ 

with that employed fur the pre|>aratiou of a hydroxy q '/ ■ 
acid from (tkelomargaric acid. The addition of tb- 
cyanide in this case aliMj was very »lnw, an<l the rt-m; !• - 
lysis of the hvdroxy cyanide «liHkult to effert. Hie 
was crystallised Iroin eldoroform until its melting }"’!' ■ 
siaiit, at 115 116’. A mixture of equal {)<irl.s of t' ■ 

the original a hydroxy awlyhlodecanedicarboxylic .'I' l l 5 - • 
exactly the same tem|HTaturo: 

OT 1 15 gave 0'2788 etc and OmSl IIX). C - 

02590 requiretl 13'0 c.c. tVKV-XaOH. M.\\.-39''- 

requires 0-68-33; H-IO DG per cent. M AV ‘ 

In order to confirm further tlie identity of the syi.iiu:. i- 
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^ ,!,« a hydmy-^octyUoJffaufdicarboxylu- aciil hy 

pi,;.!! of dihydroxyWienio arid with jH.t.,s,ium liydroxidr, a 
p; .|.or!idy of it waa oxidur,! witli |h'tas;!uim jKTiiiaiigaiiato in 
pgl H'-lution. when an acid was ulitaim'd whuh im-lttvl at. 

.and had all the projartirs of tiir « krtohriiriroAnr arid 
,,■3!^.! hy the oxidation, under similar ronditions. of ahvdroxv 
P,| I decanerlicarboxylic acid. 

Conitifnfion of thr firtonic .Irnf, 

I;, «i!iie of the aciil, O^ill^.Oj, was iiri-paird l.y thr mriliod 
I .>n pa^'e 2dOT, and was runrerlrd into il.r ioiii,|.omliii;; 
-rt iv heating with live tiiiio.s il.s volume of rom-i utratrd 
a.-id for two and a half hours on (ho w.ili r li.iili. The 
! was poureil on rrushisl ire, and the solid roll, -. I, si .uol 
fnjdlio'l from glacial arelir .arid routaining .1 litllo ualrr. I'loui 
I*.;-!! 1 ! s,'|,arale8 in aogreg.-itos of stunt prisms, iiuhiiig al 

.■••o cave 9'3 c.c. N, at 2il-' .and itil mm. .N 1 dl’. 
t’jiHiiOjX re<|uirea N' ,i 'JI per rout, 
t.f .dov.i isomeric amides w.-ro hydrolyvd hv lu itlut; with 
. iil.rtlv acid in a seaksi tnlH', a.s d,.-rrihi'd ou p.igo 'jSd.s. 'i ||,. 
W.is dilutevl largely with water, and liislilh-d m a rurreiit 
idnlillate 1). The residue w.is then made slioiigly alk.i- 
o: i di-tilled in a current of steam (dislill.ilo 2). 

■O.'.de 1 was extraetisl with ether, the ethereal solution 

.•■.!, dri"d, evaporated, and iho residue distilled, wluii it, all 

i.» 1 over at l.'iO -15.')'^, 31 mm. It was fraetlonally disidlod 
r li.e ordinary pres,snre, and tlie Iraetion l.oiliiig at 'J|!' 21', I 

11 t<il for analysis. It readily sulhliH.-d when eooled in 
' tKo’iiel, M.W. l.’ii'D, tyij.tt. laspiires .M.\V. Iks I j 
■MS salt wins prepareil in tlie usual way, and, afl.-r eiyst.illisa 
; :roui ali-uliol, nielteil at 13(1', provtng the ae(d to lie n iiotiuie 

.2. 2. -The amino was i.sola(rsl from (his dislillalo as 

» '"'d on page 2d09, and wins uldaim'd as a elear, eulnuil.si 
: i, isalillg at 171—1 (()'■’, wliieli wiis ifit'iil itif'ij :is fK tyl.'tiiiiiiit 
' tniy-m of the p];iliii!chlori'lo (Kfinn«l, I't P)<i7, (’.ilf., 

-■‘-I jn'r cent.), arjfl l>y ilio |*rrjMr.i<i'in "f jilifiiyldf f vl- 

- which melted at 7‘J 

• ''' rn'HmT liquor left after ohtainini' flislillate ‘J was cdM 
' to about 350 c.c., ami tiieii j)Oiired into a ^liiOit <x<''-h,s 
' ' ‘iitraled hydrochlf.'ric afid, Tim solid wlnVli .M ji.tr.ilffl on 
' ; wis collected, druMl, and lK'ih‘<l with 'lO c.c. of alroluil. 

- fjltereil, ami the Gitratc coiircntraled to aUnit 
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20 e.e , an*! then mixwi with TtO c.c. of ether, when a v , 
crystalline mass aeparaM. This was collected i ' 

cryjitalliscd from hot water, from which it eeparat-^ 
Uraellac, melting at 163'’; 

0 I78*J gave 8 c.c. at and 778 mm. N--5 7'^ 
re<^|uires X=:5 57 per cent, 

A j)ortion was converted into the p/o/</i<cA/</ri/ir, h , .; 
and d»‘Com|Kxies at 209'’; 

0 2394 gave OOooO Vt. 1*1-22 97. 

((’, re^iuires Pt.= 23 21 |>er tM.r 

The Kuhstance i-i therefore the h>j(lri/rhlon/lr of a , - 
uritf^ It is insoluble in hot or . : 

benzene, ihloroform, or acelom*, freely soluble in a! - 
moderately .so in water. 

The ln?«‘ nminoacid was itviUted by adding the i , ■ , 
volume <jf a dilute WMbuiii hydroxide solution to a warm, 
ludution of the above pure hydrorliloride. The wliite, .rv.'\ 
i!iaH.« which separated was c<dlected, washed with cold , 
dissolvetl in boding water, from whidi it crystallised on , , ■ 

long, tiun plates with almost (u'|iiare emU; 

0 (t912 gave o 'iiHiO (‘ 0 . and (10982 C - 60 76 , H ; i . ■ 

It lo'-l ,, 9'0 c.c. N;. at 18”’ am) 770 nuii. N- ij 7ii 

rcfpiiresC 66-91; JI-.-=U"l; G,:.l f.-r • 

\ AmiKolufinr an, I, melts at I'[ 

prai'ticsilly in.'ioluldc in the common organic snlvenU. 

In order more completely to cliaraclerise the acid, iN » 
(liiileiicstilphonyl derivative was prej)ared. For this | ir; v 
mi.xlure of (he atniiioacid (1 mol.), .V-so»lium hvilroxui" 
and an ethereal wdutimi of /3 naplithalenesulplionvl ■ ' • 
(2 mols.) W. 1 S .shaken in a stoppered Indtle, At intervos : 
hour, thr(‘e more molecular j»roportions of smlium livdr' x; » • 
added, and (lie shaking was jirolongeil altogether for : • 
2’fie ma?« was diluted witli water ami allowed to flow ir,;. 
dilute .siilplniric aci>l, the ethereal laver lieing rt-ttisfi 
M'pi'.ral iiig funnel. The white solni which Re[iarate4l w.ts i • 
wa.she<l free frtmi sulphuric acid, and dissolved in hot 2'* }• r - 
alcohol, from vvhich It crystallised m small flakes, meltin.’ i’. 

(t 1238 gave 3 8 vx, X, at 18'^ and 730 mm. N" 3 ri*', 
requires N-3'46 per cent. 

A ^-.1 iiphfhaIf ,if .iulpht,ni/himiiiol,iuric art, I, 

rj,H--stvNii[cn,i„-aui. 

is readily soluble in hot alcohol, sparingly so in col-1 hI- n 
ellicT, acetone, or water, and insoluble in light petroleum 
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ji!cehol--#th«r filtraU 3 ^p. *J8|.S) was pvapivrAt^ mi th» 
And the residue dilute.! with water. On leaving this 
‘TTstaU soon separated; these were and crystal- 

^ ir^f from water and then from Wnxeiie, from wlnoh tlie m\i- 
i*.is deported as a crystalline powder, melting at 113 
i C-6389; H-99.?. M.W. '4. J. t'isH.d\ re.piirea 
H=9-91 per cent M.\V.-244 19l A portion was 
into Iho silver salt (Found; Ag 4h 59. 
y,ri:T^ = l>er cent.) and another jH^rtton into the amide, 
melted at 174—175^. (Found: X 11 Oh. 

S = 11-57 per cent.) 

T.^ Isoarlwxylic acid which resnlteil fr.nn the liydrolysis of the 
mixture of isomeric amides was thus fullv identilied with 
Fileli and IVnirut [J jir. 
-t. fl. 1^93. (iij, 48, 393) found as the nn-lling point of Wassyln: 
and of the amide 177^. 

X'w yields of the four .suhstanccs ohtained l>y the livdrolysis of 
[s, VC mixed amides were as follows: 

1 4<'i'l 



iK->d 

Hoifwhloniifl of X-aininolrtiirie acid 

I MUICAI. Lasoratobt, 

<f. TllugABA IfcWriTAL, 

UsiwN. 8.E. 


*LXI\. — TliC Polysufjthtdv'i of tJn‘ Alkoli 
I\iyt II. Tin' Polysulffhulfs of Putossitnn. 
lly Alexander Ri le and John Sheath Thohah. 

1* A I'rcvious paper (Rule and Thomas, this voh, p. 177) were 
-'*r;he«! the results of an inve-stig.-itjon .>f the action t)f sulphur on 
I h'hc .solulioms of pure »^)dium liy<lrosnlphi<ie. It was shown 
‘i! ih'-* reaction provi<le<l a simple and certain mcan.i of jireparing 
<“'.m Ictr.nsulpliidc in tlie pure anhvdron.s .slate, and further, lliat 
" IvHiilphide pro<lucl ohtained as a re.snll of the reaction under 
''indilions consisted almost entirely of the te1rasul[ihide. 
h h.is lK>en pointed out by several autlior.s that much of tlio 
Work on the poly8nlphi«Ie» of sofliutn and potas.'^ium i.s qiiilo 
>v: iMworthy, but descriptions of W'ries of these romjHmmlH based 
' ;e remits of suclt work still appear in many text-booki*. In the 
'd I'oUsaium the highest polysulpliidc obtainable is generally 


90 pt r cfiit. of tlie ili.Mr. tu«l, 
SO 

oj .. ,, ,, 
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accepu^l to U the )>eHU«i!pbi<Je, which Mems to U 
characterised. 

Bloxam (Thfiti, Undoa, 1893; T.. 1900, 77 , 753|. -r. . 

the work of previous authors, ha§ showa that by (; /. . ^ 
usually adoptefl it is impossible to obtain pure polysuir >s, 
solid state. When at^ueous solutions of the motiosu:; r . 
employed the resulting product always contains thiosu;:; ^ 
Bloxam attributed the formation of that compound to ! .- . 
of hydroxides in the solution as a result of the hydr> i . . , ; . 
monosulphides. 

Hloxam investipate<l the action of sulphur on aquenii, c . . 
of potassium liydrosulphide, which is only very slighil-, L : 
(compare Walker, Zrtttrh. ph^*iknl. Vhem., lOOO, 32 , ! i; \ 
though ho d'»e» not ap|>ear to have succmled in isolating; v,. 
pound of undoubted chemical individuality, yet lie est ti , 

fact that within certain limits the sulphur added to , 

raided with a |M*rtion only of the hytlrosulphido, and tl;- r-*. 
polysulpliifle product was richer in sulphur than a 
corresponding to the amount of sulphur added. Tt is ju’ 1 1 ’ ► , 
in aqueous s^jlution there is a ternlency for tlie fonn/it; - 
predominating ])olysulphi<le, and this would account i'j }i! 
results, a.s tliat author has poiiitwl out. In Uie case «if , 
solutions the work described in the present paper prov^ c, v 
action of sulphur tends undoubtedly to the formation 1 1 < ■ 
sulphide only, namely, tho peiitasulpiiide, which has ht-. :; . . 
in the pure anhydrous condition. 

The preparation of anhydrous polas.sium pentasulplii !•' ‘ y * • 
action of sulphur on pota.ssium in liquid ammonia lia.^ vo 
doscribod bv Iltigot {f'ompt. rfud., 1S99, 129, 338), liut n . 
is given of the properties of the product. 

Afthin of Sttlpfiuf on Alcoholic Solufhni of Vu^t.-, 

U ijdrosulphidf. 

In a previous paper (T.. 1911, 99, 0.58) one of us fir-i-: ' ■: i 
preparation of pure potassium liydrosulpliido hy the i. ■! 
hydrogen sulphide on an alcoholic solution of potassium - li, ? * 
In the work now iiniler eousideration solutions prepap i i’: ^ 
wav were used throughout, and the actual e.xpcriui' d • ' ’ 
were precisedy simil.ir to th(»se already descril>ed in tin- i 
tim polysulphide.s of aoilium {joe. ri/.), to which referenr’^ pv - 
made. 

A series of exj>eriment» was carried out in which quo;!.’ * 
sulphur corresponding with pos.siblo polysulphides "f 1 *^" » 
from the di- up to tlie hexa sulphide were added to alo i. : /■ 



f,.LVSCLPHlDCS or THE ALKAlJ METALS. PART II. 2S21 

j iu<k hytirosulpLid© of the same c(>nivntr.ttioii ihrou^houL 
^ ji.e only polysulplude product old^itusi ;is a result of these 
,-.u was the penUsulphide tlie preparitum ami propertif^ 

Palnttium iVsifuaw/pA »</«*. 

of potasaiuiii was dissdvtsl iii l.'i .-.e cf al.^ hiU* ethyl 
' iiiid the solution was Mturat**-! with dry hvdrof^eii 
\ 16-1 Grams of finely |;roun.l mT^Mallisc^i rliomhie 

; , rt'^re added, and the solution was Unled ;;eiulv nii a waler- 

,, i ! A^Miut one hour, a rapid current- of dry hydroi^.-n Ihmiiji’ 
e:. rough it. On the addition of the sulphur a \u;iTmis 
- ;i .it oiK*6 took place even in tlie eidd wjIIi i'\..lu(uin of 
sulphide, aiulthe solution lueaine ileep rtd. The sulphur 
and after a short lime a hriglil <*rangereil, .-lystalljiie 
j solution wiis eoneeiit rated t«» alsuil ;> c.>-.. 

^ |.r,«iuci collected on a filter, sprayed with .dcohol, mid kept 
i\^^uum over phoaplioric oxhle. 

‘irv proiluct consistesi of a mass <d glistening crystals, and 
to bo perfectly homogeneous. The yifdd was 2 '» grains, 
i*. ix |»er cent, of the theoretical anuiunt; 

:iV‘.;g:ive0 2560 KfiO^. K 32 7;i. 

..it:/,. 0TS50 S.’ f(S) .^3-23. 

. V :: .. 1-4742 UaSO(, S OC ‘.H>. 

K.S^ref|iitrea K- 32 77; (Si 53 7'<; S t'-T 22 per cent 
P U:“‘5iim j>enlasul|)liido is extremely hvgr'-wi.jue. and is rapidly 
:? ,•! Hii exposure to the air. with liheratum id sulphur It 
f'-adilv in water to form a cl«Mr, d-ep (uange solutinii, 
f leinincs dark rc<l on heating. It is only spanngly soluhio 
•, a!-'!;' I. forming a re*l .«ioliili<in. which aKo liecomes darker on 
Both the aqupoin and iilenliMfic vdutimiH m»oii liegm to 
sulphur wdieu allowed to reni.tin in tin- air. BiMz mid 
’• r: ifl {liff., 1905, 43. 53) state that lul-idtum penlasulpiiide is 
c. ; ifMoiiipOSed on tre.atnient- with wat«T. whilst i-ii-mUmi peiita 
r. i'- IS apparently not. affected. It U uoii wmlhv that pola-MUiu 
r ^HOl’llilj(le should he more stalde in tins r'spnt than tlie lairi'v 
M. riihidiuni compound. 

i.-ifing in a capillary tuhe tho .suh-st.nice hegins to d.irketi 
•' ' ul and at 182'^ Wrorues quite hlack, this change l.eiiig 

!iiark(vl; jt begins to .sinter at 20d 2 <e» . and niflls net 
ey di.irply at about 2‘2<A On cooling the sulislaiice pas-es tlirmigli 

•nrnfrial ibftnliitc ahnhol w.r? hli.ik'H Ur two days oor fi'd.ly |iipjintr<l 
■ ‘ over ipucklimc and tlu-n 'ti'lillfd. 

^ .u .lE. s " jiohsiiiphidc 6nl|iii'ir.^’ 
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the Mme »eriee oi colour ehauges in the remie order, i-.. i 
jneumes iti» original 3p|)earftttw. Ko depoeit of sulphur wa 
on the walls on the tube, and the solidified product i •<. 
perfectly clear solution in cold water. PoUaaium 
can therefore lie fuse<l without decomposition. 

The majority of organic solvents are without action o:; i; 
sulphide, but a very striking ftehaviour may be m>te^{ 
of pyridine. On treating the substance with pure i\t-_ 
latter U (:oloure<i an intense brownish re<}, and on , 


1 

I 


mixture tho liquid becomes quite opaque. A ddioisr ■ 
ap{>ears to take place, and the observed effect may U ; . 
formation of an arlditive compound, but apparently v>-r, ; . 
tho |ieuUKulphide dissolves in the pyridine. With v. 

sulphide the action of pyridine is even mwe marke«l, .. . 
Uing at once coloure*! intensely green and the solid ,. j. 
ing in colour to bright yellow. This action is being fnrlhrr 


gated. 

Xilrolienzene, on treatment with the pentasulphide, m 


magenta in the cold. On heating tlie colour fades, and v 
can Ih) fusiyl Mow the liquid; on cooling again the colour 
and tlio peutasulphide remains apparently uncharii;*^!, 7 
Miaviour with nitrohenzi’iio i.s similar to that of nihidiiiuj 


sulphide, a.s nole<l by Biltz and Dbrfurt (/or. ei(.). 

When shaken with alcohol at the ordinary temperature li:- y‘ 
suljdiide form.H a weil-defuiejl, bright yellow alcuholalo, w, 
cryst'illiscH in small, monoclinic prisms. 


From a consideration of tho rcsulta obUiiml by nuii.r 
workers in this litd<l it appears to have Mn generally a,vun..-i 1 
a series of poIy.Hul(diid»*s from tho di- up to the jwnta sulplii'!-' • 
be prepared by adding the theoretical amount of suljdiur \« .v| c 
sohilioiis of the mono- or byrlro-siilpliide. Tlie results 
the u.s<' of alcoholic swdiitions of sodium bydn>sulphMe .md \ 
quantities 01 sulphur have already been dealt with iii 
[lor. rif.), and it i.s therefore only necessary to mention I r;- I'r ' i 
nature of the prmliicls of the action of sulphur on alo i;";:' ^ : 
tions of pot;issiuin hydro-siilpliide. With the proporli'T.s ; r*^ 
disulpitide a small quantity of pentasulpliide separate*! • 
hot solution, .and on cooling a yellow pro«Uict was ohtauii”!, •* 
was ohvion.^ily not homogeneous, and consisted of a 
penUsulpliide and unchanged hydrosulphide. A similar 
obtained when proportions for the trisulphide were used, hu: t < 
yield of pentasulphide was greater. 

With tho proportions for the tetrasulphide a comparatively 
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; pure pentAfulpliide was oMaine^l, separating out from tiie 
Q- proportions for a {•ncv^hU* hexitsiilphide it 

^ .':tuu i sulphur a<l(U’<l (UsmiIvo*! !ii the lirst plaee, 

s utl product consiste»l of the [teutAsuIpliule iiuxiv! witli a 
remaiiit**! uiulissolved on Ueutiitg the pr<»iiuct 
„ «4ier. The solution from whj.h this pr.*tliut w'parated gave 
j»recipit«te of sulphur on trt'Atmeiit with water, wliereaa 
rases meiilioiw! the solution remained jn-rferlly rlesr. 
r* results are tlierefore very similar to ohtanu-d in the 
^ / y.iium, exce|kt tliat Itere there is imt the sliijlitest nidiralion 
fiii* f -rmation of Idglier ]M>lysulphides wlien larger i[Uitii!i(ies of 
^ :,jr corresponding witlt the ]►ellt;^^u!ptiule are tisi*d. 

V -irraie solubility of potassium pentasulphide in .ilailuil has 
..liv ts'en inentionetl, and it might tlierefore be UK-iumed iliat 
{■•!!, r'''und is the saturatum pro^lurt. and that in ilio N)lnlioii 
; 4 -- ries of polysulphides might exist in e^juilihrium anu’rding 
icii'lilions of experiment. In order to test (lie an'urarv of 
«4t;ni|ition and to gain some idea as to the nature of the 
in solution after the action of sulplnir on Uie hydro- 
; a .series of ineasureinenls similar to tlmsu’ descriin'd in 
-mi' ll with the polysulphides of sodium was carried out. 

1 : ail) )k' .seen that acconling to the equation : 

‘iKIISr rS . n.S. 

. 3'iioiinl of hydrogen sulphide fornu'd is strictly propoilional 
. i' f .M!!'*unt of liydrosulpliide involved in the rem tion, Ky deter- 
.:.e tiie amounts of liy<lrogeii sulphide cvoKimI in the couran 
: I ttries of reactions witli diHerent amounts of sulphur it is 
.liiKe lo decide whether ( 1 ) a series of poly.Milj'iiiiles is forimnl 
friing to the amount of sulphur added, fj) only one poly 
. ; ,ii'' IS formed independent of tlie amount of Milpliur prewnt, 
f •'ftlier ( 3 ) an erjuilihriiim mixture of wveral polysuljdiides is 

T',^ api'arntus used and the inelhoil ailopt.-d were exactly similar 
employrtl in tlie case of .sodium ilor. rit.), excejit that 
’ •'ni.ical hydrogen jHToxide was used throughout as tlio 
's-ri-^nt for liydrngen sulphide instead rU* liniiuine. Owing to the 
• soluhililv of pot-assium penlasulplude m alcfdit.l, ami the 
•>''>;ly of preventing any wdid jirodiict from sejoiratiiig out 
- tii« experiment, it was necessary l^i wr»rk witii fairly diluto 
^•/nsof ihe hydrosulplude, and an error is thereby introduced 
'*■^•2 to iho fact that the liydrosulpliide. umiergoes slight alcm 
•ns With the formation of hydrogen .“iilphide. Sime it was 
*'‘^ary to carry out th© determination in a stream of hydrogen 
• * qinlibrium was constniitly disturbed, and in conserpienco a 
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certain amount of hydrogen wlphide derived frcttn this > ,,i | 

wa* driven over into the absorbent. In conle<Juene»^ • , . 
obtained are too high. For the pnrpose of t „ ^ ^ 

tude of this error, blank experiments, in which t*..- , . , ^ 
approximated as nearly as possible to those employed ^ 
determinations, were |>erforrned first of all with wdutio: , • 
ium hydroaulphide of varjdng concentration. ^ 

Wilulion it wa.s found that after Ixiiliug in a current i , 
for forty live minutes the amount of hydrogen suIpiiMo > . 
calculated for 7'i grain.iof {mtassium hydrosulphide ^ 
a 0 .".V-!vdution under similar conditions gave 12 gran.v 

It will l>e seen that the amount of uuchange<l h\ i- y. 
remaining in wdution dwreases progressively with j 
sulphur, and therefore the error decreases as the amoiint ■ : » , 
increases. In order to overcome this error as far a.s | . 

concent ration of tho liydronulphido solutions used was v *;.- ! f. 

.V to 0 25.V, liio effect of this lieing to keep the wdu’i 
Mturatol with respect to the pentasulphide forme*!, ; 

to ho tho chief product of the reaction, throughout 
detcrniirialions. 

Tho results are expres-vd graphically in the diagram ; ti, ■ ■ , 

in brackets at tho various points on the curve Imlicat'' ?;;♦* i ► 
trations of the hydrosulphiilo solutions in terms of norm tiny 

The results sliow that there is a gradual increase in l! ** m - 
of liydrogen Milphhle evolved with increase in tho <i!i ■!■,■ 
sulphur addctl. lit tho diagram tho theoretical straigli! Ium , 
shown which would inriicaio tho vuiuc.s for the letrasiilpi ; . 

peiiUsulphiih) if th**so were tho only polysiilphides r-M--, 
formed in thn courso of tho reaction. 

Tho curve at first approxim.itcs very cloiv*!)- to the V'llm ^ f' ; ' 
tetrasulphido, hut tlicti bends away and eventually tr ■!» ' 
ponta.sulphido lino not far away from the maxiimini, iUUr > 
tho values bccomo practically constant. Taking inUi cni-::-:.' 
tho eilcct of alcoholysis it may 1 k> state*! that all tho vahu ^ • 

left-haml liranch of the curve lie below tho tetrasiilpt:; i- 
iMthoiigli tho liTwer values possibly indicato tho preser.ie fi ;• ■ 
.sulphiiloa lower than tlio pentasulphide in tlio solution, l ' '* 
e.'ipccially of tho tetrasulphide, it must be noted th.it u:;r : 
hydrosulphido still remains in solution Iwlow tho pt ni . -i ' . * 
sUge, and it is not until tho amount of sulphur corresp^m hf:: ■* ' 
tho peiUasulphido is present that tho amount of hydroern ? ;.r : * 
evolved is approximately e<jual to (ho maximum old iiii'd ' ' * 
scric.s of deterruFnationJ!. 

It ia clear that when quaiitilies of sulphur less than th ' •** 
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Liicj tetTMulphiild are use,!, vorv litlle <li. or tri- 

if any, can be formwi oth^rwis** iho viilties for hydrogen 
At these stages would he much higlicr. On ilm oilier hand, 
i ^ [he value at the {^ntaaulphide i* vcrv near the ihwv 
^ ciximum for hydrogen sulphido there is no iiidiculiun of 
of any higlier polysulphides in scdutiA n (Ltnnparc the 
i t sodium hydrosulphide, U. at). As a rosuli of lliis 
/.itjon, therefore, as well as from the rcsuIU of experimeiiU 
^ ikicf! the solid was allows! to separate out. it is fair to con 
ibst the chief product of the action of snlj.hur on pot.Ls.sium 
pj.ouh'hide under tlie conditions descrilu-d is the ju niiisulj'liidc, 
i\ the same time it is obvious that it is impossihle to ohi.iin 



lv«i-r poIvBulphides simply by adtling tlic c<juivah‘ul (jufinlily 
jjijjiiiir to solutions of iiio hydrosulphidc. 

of Sulphur in Alctthitltr Soluiiftus <if 1‘utu'siiini 
llydro6ulphu{f. 

1' !..vs iilready been shown by Kiistcr and Hi'horloin {'Aathch. 
‘ 1905, 43 , 53) that a«jUcous solutions of wniituii moiiO' 

.ii'- are able to ilissolvo CJUisiflcrably more hulpliur than is 
^irfvtiU-rl by any polysulphi<lc hitherto isoIate<l. 'I'he preKenl 
M !;ive also sliowii {jur. nt.) that alcohobe s<*Iu(ions of .^xliiiiii 
■:f .cilpliide undei certain conditions dissolve to an 

iVi.5 rejireseiited by the formula Na^.Sf;..^. A Hirnilar delcrniina 
’*■13 made in the case of potassium liydrosulpbbh-, It lias ijee.n 
out above that the solution is capable of dissolving at least 
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a proportion of aulpliur correapoociing irith a poaaibU 
although such a product doea not separate out. 

A 0 l^o.V-aoiution of the liydrosulphide was shaken vt -. 
sulphur in a flask in a thermostat at 25® for forty-ei-; > 
contiimom current of dry hydrogen l)eing passed thr.u;;. • , 
tion. The solution was then allowed to settle, and a ; ^ 

removed hy means of a pipette, introduced into hr ^ 
made up to 1 litre, and the ]>oUsaium and sulphur !>:'<; .. 

alirpiot ]Hjrtioiis: 

250 c.c. gave 0 1247 KjSOj. K = 00559. 

250 „ 1 0774 Ha’sO^. S-0148. 

Atomic ratio, K-l; S- 3 23, forres|H)«ding wiili K ' 

In the case of srxlium hydrosulphide, using a 2.V ; 

the ratio found was 2 : C'3C, and at 81® it was 2 : 0 .*. 5 ,,- ^ 
figure for the higher tem|»erature is rather difficult U> i- !,. - , 
with accuracy. 

The addition of water to these solutions rrsulte<I iii fk , 
jirecipitatiori of sulphur, and the same holds gwxl for all 
conUiniiig sulphur in proportions higher than that rorr<->;. r .• 
with the petila.>iuiphide. It mu^ bo iioteil that in tii*^ ^ 
the tkduhiliiy of sulphur in alcohol is not taken into an ijr,; 
in any case it is so small as to have very little effect on ti;r ft'',.', 


Action of Mrfallie on .1/ro/io/rc Shluti'im 

J'rithtnulphidr, 

When t^lcoholie solutions of sodium letrasulpliide arc Irnttsi . 
metallic sodium, reduction of the jHilysulpliide takes j.l.uv ;• 
practically puro sodium <lisulj)lude separates out. A 
experiments was |M‘rlurmc<! in order to determine if met d.i' ; 
iitm had a similar acti-jn on the pentasnlphide. Kedmlmn rr‘ - 
takes place, but in mi cast* were the prculucts obtained n. :;., 
compounds, but rather mixtures of lower polysulpiiidt > . - 

changed pentasiilphide. When excess of potassium w;i.' 
soluliou became paler in colour, and a yellow pro«liM - | • 

out, which on analysis approximated to the trisulpliidf, ’ i‘ ' 
figure for polysiilpliidc sulphur was too high. 

fn otiicr ex[ierimenl.s with more diiiiUj solutions ai.d .i:; 
amounts ot poiassunn the products always contained ii-' 
jienUsiilphule, which appears to tio ' salted out from li '' •’ ■ 
by the pota.ssium othoxhle forimtl. In all cases the flu’nr '' ' • y ' 
suliiliide sulphur was higher than that required for th*' ir> i ; 
riio method therefor© does not provide a means of arrii;!!: 
definite lower polysulphide as in the case of sodium, and cl' 1 ;s * 
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^ .> *nsitiire ntture of tli* prodiuts sejiAratioti of tlie con- 
jjaft; iouipounds would be s diifioiilt o|«.rjlioii 

Gftirrfii ('ontlusutfif. 

l^boagh it osunot be claime.! dial die toMilis of diis iuvesliea- 
l„s li t * »“y fufUi« light on die a.iual ,<.ii,c,nilioii ni die |Kdv 
it may afford some evideiia* as to tlie extent to 

«'!)!iur can be taken u)i by any one in of die si'riea of 

;trtaU to form a stable |H.lysnliilii,le, Hilu and liorfiirt. 
,,M Zfilifh. ,mur;i. rh,m.. 19 tt 6 . 48 . j'j; ; 50 , Gff were 
in obUiiiiiii; liotli tlie leira and |ienl,i siiljilndes of 

a,!i and oraiuin by the action of .Miljdiiir on aiineou. 

, uionoaul|ihides. These coin|Hinnd.< are iwifccllv well defiiie. 1 , 
aeriaiver, the aiitliors tiieiitioned were aide to show the exi.t- 
isexasulphidee wliieli were charaeterised tlierino analylieally 
jlia course of a freeiiin; point curve delerininalion. It i-s hoped 
at! to g*ve the results of a similar deterniinaliuii for potassinni 
tyi.ut and soiliuin sulpimr, but in the ineanlinie it may !«■ noted 
aS no evidence lias been obtained in the coiiise of the aulhois' 
neninrnts of the existence of potassinin hexasiilplinle. 

Tiiiin; into considerntioii die results nf the work on polassinni. 

, 1:11111, and Kwium, wo are aide to reeooiiise lliree deruiile and 
.•if |eiit.<sillpludes exhihilin;; a ;;radalion in resjuvl of eerlain 
■ letliei. for example, solnhility. The Mdiihility in iileoliol 
..folio with increase in aloiiiie wei,';ht of the alkali metal, and 
,if,iir to iisanme that the soluhilily in water would vary in Iho 
■:o .iiioelioti, thus liriiifring tlieso eoinpoumls into line with other 
f... "i silts of the same metals, sneh as tlie alums, jiliitini- 
.. ", irfl. eU\ 

If, It.e ease of aoilium we find that die liij;liesl .slahle |jolysiilphide 
'.'f lelrasiilpliide, and altiioii[;h under eerlain eomlitions there 
iOn ieiiey to form higher polysniphides, yet lliere is no delinilo 
I'fi.e of the cxisteiiee of a jieidasnlpliide in tlio .solid state, 

'■ i.di die S^’ anion may he pre.sciit in soindon. 

i'fifii.ally nolliillg is known eoneeriiing polvsnlpliides of lithium. 

- .i'll a disulpliiile is supposed to exist. 

h S III! I he interesting to determine if, l,y working with aleolinlie 
■■ nx.f nihidiuiii and (tcsimii hyclrosnlidinles, the hexasnlpliides 
■ '1* metals would sojiarate out as stable eoni|iounds in the 
1 uale, and the aufliors hope to carry out tins invesligalion 

r. ili..rt!y, 

' • Iwl that aleoliolic sululions of sialiiiiii lelrasnlpliide and 
cw’.iim jientasiilphifles are still able up to a eertain point to 
S '.r further quantities of sulpliiir demonstrates the tendency of 
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the (ulplmr complex io each cam to combine with p 
At the Ktue time, however, this additional sulphur i, , 
in a looser state o( combination than that in the «. ‘ 

itself, since it is precipitated on the addition of ’ 

solution. It is possible that the tetrasulphide comp'n ,, ,, 
of wxlium, and the pentasulphide complex in the cas.- ' , 
represent the limits within which ordinary valenej- , **' 

apply, and that the sulphur which dissolves over ami 
stages may be loosely associated to the complex as a t. . • 
residual affinity exerted by the latter. 

These facta taken in conjunction with the work on . 
caisium point to the distinct influence of tlie metal ; T 
nuniljer of atoms in the stable sulphur complex, and tj 
also taken by Ililtx and Ddrfurt, who apply the well si, ,,, , ’ 
affinity tlieory of Abegg and Bodlauder {Zeitick. ,,,, , ,, 

189'J, 20, 157) to account for the formation of higher p . 
of the alkali metaU of higher atomic weight. 

Alicgg and Uuiilander show that wliere the ionisii,j 
(lonisicrungsteudcnz) of the metal is considerable thrit o-id, 
imparted to the anion which may nor.nally show a nv,i ' 
tendency. The anion, in order to ‘'strengthen” ilscii if;,.;. 
to combine with other atoms or groups to form a I'.i.a d r ‘ 
ionising tendency of the alkali metals is shown to i 

increase of atomic weight, ami Uiltz ami Dbrfurt ain .ir-i,;:-. 
eider that, in the case of the polysulphides, as the at i>.;. -<■ 
of the metal int'rci.ae8 there will bo an increa.se in lij., i.u;; 
sulphur atoms which go to make up the liighest slahl- . n ; ri 

On the oilier haiiil, Hamburger and Abegg (/.i',.' 
Vlirm., 1906 , 50, 137) in discussing the results of an i:.,.-; .. 
of the jiolyiodidcs of tlie alkali metals consiiler that in n i n. 
of different degrees of complexity are jiroseiit, ami Ui.i! li,.' ; . 
cular polyiodide which separaU's out depends cntirelv mi ti.i' ;! 
cnlar ionic combination the solubility jiroduit of wi.;. ii .. 
excetsled. Moreover, it does not follow that tlie c(in;)“'!i;. i • 
separates out will represent a combination of the rali n > 
aiiiim present in gnalcst eoiieentration. The fart llm! ! . 

polyiodides are more readily formed as we paia up l:i'' ' 

alkali metals from lithium to ca'sium is explained on i “ .■ 
that the aoInbililie.s of the higher polyiodidcs dceri- i-e n; ^ ‘~ 

order, like the {ilatiiiicliloriiles, etc. 

Abegg and Itudlaiider have shown that thi.s iim r r •• 
solubility is freipieiitly exliibiteil in the ca.se of .slr n:; c ‘ 
combinalioa with increasingly strong cations, and a ni in i. ■ >' 
anion becomes stronger owing to addition resulting in tic i i •- 
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wbich U in agreeui^ut with the ehvtro^ffinity 

j sMU that Hauiburgw ati.i Al.e^- ^,^„■. n! \ in ilMliiig 
^ ,f,, I olyiodide*, ami in referring also to tlu> work of Uilu 
, Kriurt, do not consider that tlie cation has a delinite intln- 
a lairticular miinWr of atoms ukcn np hv the union 
(‘vmplex, but only on llu* form.Htitn of it>tnjili''X('s in 
substauw out tli-piMuiiiig on 

^ ,;uv LiiulilioiiB. 

V Ur fti the j>olysu!pliitie!i are loiuerneil. the work o{ the 
Author* does umioubt«Hlly show tlu- t4-n.lfju-v itir tin- inriii.i- 
,.r-e particular {wtlysnlphide Uifi in ort-atlv prcthoiiiiiiilinfj 
R i« the case of atxlinni the fetriisnlpliide i,.n. and in that 
lassuni) the jientasulphide ioii. At. present, however, fiirtlu-r 
ji^irritious must be withheld until data aim colleele.l snlVn-ieiit 
^ these oonclusions. 


iuthors are indebted to Mr. F. Fowwealher. 11 Se . ftir assist- 
b? ai virrying cut a portion of tiio experitnenbil work. 

lAMb-lSI'' laiBOtATORlIS^ 

L'MVin.'iTT OF LivikruoL. 


' LW. — rii^ of Sofphot' ff'tnu Sfli'Ct'. 

By Ckklly.s Col'vkavk Hissktt. 

li U- 1 that suljdiur is found at Uincs in silver, csjieeially in Iho 
jr f !!(i-[,d recovertxl from materials eontainino lliifK’yaiiate.s, has 
►'i by ihe autliur in u previous pajK-r (this vnl., p. 

\S lien recovering metsil from such re.snlues the flaiiger eiin 
■'a.‘ivet] to a large extent by a prebinitiary iligeslion of tho 
Hiili warm c< ncentraled hvdnwliloric arid. Tins last 
’if iulphur can be removed by the a<lditinn <»f a little jfolasa- 
- :i.trAle to the BCKliurn carbonate used in the recovery. 

; rriin val of sulphur from metallic silver by fusifui witli 
nilr.ilo is very tedious, as the oxidation procwsls very 
*; It appeared possible that the sulphur eouhl bo romnved 
■' r-MiJsly by the addition of the necessary ipiantily of a second 
Til*' results obtained by adding copper and iron respec- 
ta-.c been studied to soui© extent. Tiio effect ])r<Klijced by 
air through the molten metal has also been deteniiined, 
CV. y Y 
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Th« reikilu obUin<Kl by the ineUjlic additious hAV, 
tiiter<!#t, airice they ahow the nature of the cbemtc.-. ^ 
in the«e caiiea at iiKMlerately high temperatures. 

I. Injiuenee of Copper on SUitr contaiuintj < : , 

Tlie fre^'ring |K»int diagram for the mixture sj;.>r . 
fU(>rou» suljdude has been determined by Frie<Jrui, !/ - 
1007, 4 , Crij, who found that mixturesi uf these »u ; , .. 
an unl'rokfn series of wdid .soliitioiis, the freezing j.«j!t,' , , 

Id a imuiiuiim at TU per cent, of silver Hulphide, the , ,, 
uf tlii.s mixture bung 

f/Uprous milphide U the only sulphide of eoppi-r • 

leitipcratures. 

Tlie reBultH given below tend to show that the • , . 

iHilween t)je biilphidca is not alTecte<I by the pres*,-;,... 
of filher or both <»f the metals. 

Tim »'ffert prodmed by .elding copper to silver 
pt'r cent, of .silver sulphide was first studied. It was i< m.-i • .i ,, 

addition of nmall aiuounU of cop(>er causeil the firi-t i j.. ;, ; 

of (lie alloy to be lowered, whilst at the same lime tiic , 

(d' tlio hail in the cooling curve due to the niatiTinls 1;: ; . 

plelcly nd.-Milde in the li<|uid sUte was raised. Tin-, din.,. , 
tinned until 2 per cent, of copper had l>een addetl; ti..‘ irn-, 
then had only one main fr<‘eziiig point. An exaiiiiiMi. i. ; -■ 
vertical .section of the ingot at this stage showe.! tli.it li - 
had separated into two layers in the liijuid stale. A I'uii ■: . ; 
tuiii caused the frw/ing point to rise to a maxinimn, ,i; : 
iiiately il -) /»er cent, of copper, and thou to fall gr.oi i. jv . 
ahoui H {>er ccul. of co[»per had l^eeii added, tiie . . 
tlio inixlure sliowed a second break after the tir.'l lif .'. . 
due to tlio s<*paralion of the I'opper silver eutectic, ' 

arrest, when it hrsl appeared, (Ku-urred at a tcm[K'r.il!:r'' . 
ably below the average value. The mi.xture gave only ' : ■' 
jioint when aj pro.xiniaUdv .‘U per cent, of copper liad i- i. 

It was evident after the tirst few determinations lb. it - ; • 

of little iLse for n'moviiig sulphur from silver. 

The elTeel of small additions of copper can only lx* < 
the priricj}de that part alloys with the silver, whilst th'' f 
replaces the silver in a portion of tlie silver suipiiM”. 
cujirous siiifdihie whicli dissolves in the excess of • • 

jiresent in the inixlure. The initial rise in the tiii!;-!' 
iiu’omjilote miscibility is app.ireutly duo to the inibi'’ 
copper ill lessening the solubility of the sulphide, li •> 
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UBC* cnprouA suipliiile is insuluMe in .-onjvr Tlid low 
of ti.6 euto.t,e halt m us ...iy n...v bo cL^ 

of sulphr.r in sohitiou. 

•y,;: voiuc avidonce s,.,.,o,r,s Ihe ak.o ...rprouou n, muoo (ha 
,.( sulploda prasoiit ro»,a,„s (airly .•o„s(.o„ u„„l - „„ 
t;oa„ addo.1, A furib... addm... „( r^.L 
,.0 sraa of sidphido slia|„|y, „!u!,t lli,. 

,,, 1 lyr oant. of «p,,or rapidly rH„„v,.s ,„.idu,,llv .1:,. wludo 

i{ u:f iUiiifiide from the silver. 


1 , C! hr to follow the dwi,i;es a liitlo oumpl,t,.|v (h,. . iT.vi 

j, >also,M'f“otically pure silver stilph, do V.,. I, varv,^ iau.-.l ■ • 

, ,|,r was examii.e.1 (o soma evlent. 1, was'u.uod il,',, n,,! 

,,v,.our was vary aiioilar to that des.-nhod al.ov,., 

into two layers tii (ho li,,ujd state, wiiei, ah, ad :t per , eid 
. v'.wi had l»en added. The freezine p„i„i „| ii„. |iy,, ri. h in 
.Saide was deterimiieil in a mnnlier of eas,.,. As was to 

sinre cuprous sulphide and .silver snl|.|iide fi rm a cini. 
a, .- ties of solid solutie.is when inelt.d loeetli.r, these freezina 
„.ai were very poorly deiined, Tire temperature , t (I,,, freezina 
,.a. w.is Imvered rapidly by (lie addition of e,.pper 

|.|| these parts of the alloys „„der (he ma r ope, it, 

si ieiiiid lhat (ho metallic portion of the ini.vlnres bad a very 
iiT .I 'e soliihility, especially in tlie ease of ,„|vli„e,, lamlali.liii. 
.. lerdely high iwrcenlage of cup|)er. * 


KAfEUlMESTAt,. 

Ti.r lielerminatioiis were carried out in a analngmis to 

a; li'-.ii-.ed in (he previous j.aper (foe. cd,), || w.„ neee.ssarv 

vir the various mi.'iture.s very tliornugbly in eider to eiisme 

1 ■ : ile.wing tallies give iiiloihiaticn oldaliied from | he n.olimi 


Tai)1,i; I. 


i- ‘ < / s 

•>f Copjkf Off SiL 

'V r 1,'{ .1 

/»f ,V,d. ,./ 


Si! n /■ 

Stil phtdt . 


Perffiifayi* i.f 

Kirwt S. 

d' ljil f|i (7Ut;; 

• y iiuuiltcr. c<*ji|nT. 




*" 

0 

02o 

on:s 

\ f n 

05 

017 

’HIH 

is 

1-0 

Olii 

■lill 

\\i 

15 

1M5 

Oil 

'2u 

2» 

1»I2 



L’l 

2-.S 

‘J17 


22 

3 5 

017 


23 

4:1 

010 



24 

5 2 

003 

„ 


U V •) 
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Table I {continued). 


Alloy nurnUT 

Percentage of 
copper. 

Pint freeiing 
point. 

8ec<»kJ 

A.C. 25 

fi 2 

900* 


2ti 

7-3 



27 

tto 

h73 

7.V:- 

2H 

II B 

tt63 

7i>t 

2*1 

15U 

S40 

T7| 

:m 

llin 

»12 

7<.> 


27 1 

7»2 


:i2 

30(1 

773 

771 

Xi 

37 5 


771 

M 

4.5n 

»3: 

■ [1 

55 

54 5 

K07 



Table II. 

/iiflufnff uf CojtjH-r on Silctr Sntjdtide contahumj 1 (, 

of Free Stiver. 


lVr<-. hiiiK"- '*f First frcfrlng Htsrt.i.ii fr-. 


All-py iitHiiU f. 



1-/II; 

— 

0 

KUi"' 


A.c :m 

oft 

H.70 

70^' 

37 

12 

mn3 

7‘.«l 

30 

2 5 

HOS 

777 

40 

3 2 

m) 

7i>'i 

41 

4 0 

003 

7 ,*.5 

43 

7-5 

m 

72u 

44 

lOH 

020 

G74 

45 

14 1 

02 1 


40 

100 

021 


47 

10 3 

021 

..... 

40 

23 2 

010 


r.o 

2H-4 

802 

Till 

51 

33 3 

847 

“Tn 

52 

300 

7H2 

774 

53 

47 2 

803 

774 

ecoml series 

of pf»ints f(>r 

alloys A.C. 

30 A.C. 


cvory case llie frceziuj,^ |)(iiiit.s of Ute layer rich in suljiliur I: » 
fuiitnl iiiijjosaible io iletcrmine sinalar freezing points in 
I'uiitaining a inglier percentage jif copper with ariy 'i 

racy. So far ascouhl btMletcrmine*!, tiie freezing point a] s:-; 
rise steadilv as the percetitage oj copper wan increastHl. 

The conipositioii.*! of tlic jni:xlurea tabulate<l above wcff . 
rniiieil from tlie weiglits of Jiialerial usetl, since in the in:i] r*. 
cases there were two iiqnid layers, ami it was fouinl 'ii:b • ’ 
(letenniiie exactly the relative amounts of these. 

The curves obtaine^l by plotting the above results an- ^ 

Fig. 1. 
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ir. 0/ Iron on Silirr evnt.uni;,, Sull’hnr. 

rfSitiou beUwn silver sulphlile an.l ferreus siil).lii,li> lias 
.irieriwinwl by Schoen 1911, 8, 7371, »li,. fuun,l 

iiiutures of thes* substam-es fi.rm a si]i,|,l,. euti viiienuis wiies, 
containing 11 per ociil. ef brnnis .uliiiii.le, wiili a 
iwi'it of 615°. 

js 3ir#arfd liiglily probable that iron woul.l lie a MiitaMe metal 



13 J y,.-r s /jif.-ji. 

59 0 

Vcr(fnt-i<y of '■•yprr. 


i iti order to remove sulphur, sinc-o silver .ind inm aro 
.■:.;M.vihlo even at 1600*^ (IVtreiiko, Ztlhi-h. aiinnj. ('Ilf in., Illn7, 
W. 212). and also ferrous sulphhle is stahle in cfiiiipanson will) tlic 
“ i/Tity of Cither sulphides. 

In the present investigation the effeH prodiuvd Iiy ndriing vary- 
■'Z preentages of iron to molten silver containing 110 per ('(Tit, 

■ >ilver sulphide has been stiidie<l. 
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Three mixtures only were examined, since these ^ 
information. 

The following table give* the result of the thermal iiiv?-* . . 
Table III. 


Alloy numU r. 

I'erc^-ntage of 

First freezing 


... 

iron. 

point. 

p.ir.r 

A.K. 1 

U 

927" 

iMr", 

A.K. 2 

1-2 

951 

iM.j 

A.F. 3 

0 H 

wo 


A.F. i 

ID 

900 

fj... 


Alloys afU-r A.F. 1 Wf-re found to contain two layers in ’:y 
stat**. The lower !a)>r wa-j rich in silver, wliilst the 
was rich in sulphur. The freezing points given refer m • 

the layer rich in silver The upj)er layer in A.F. 4 < j,r, ■ . 

freezo at a temperature above 
Alloy A.F. 2 contains .stiflicient iron to saturate lialf !l < 
present, ft will be seen that whilst the first freczi-:;' » , ■ , 
rai.scHl to lf)j \ tlie wcoml freezing point is praclicaliv . 

It se^Tfis probable, therefor**, tb.at the iron combines Wjtii • 
as possihie of the sulphur present, and at the Mtiu> 

Hulphide birojed j.s iriju.hible in silver. Micros<-(-pii’ . 
Mipport.H flii.H view, sin.-e the sulplihlo remaining in . 

silver in this alloy hchavt-.s in a manner similar to that t 
aulpliidi’, towarfirt etching mrdia. The freezing point, ''-I , i 
spomU with that t)f an alloy containing ‘1'5 jht cent, ? • 

»nl{)hitle. Apj)arent!\% therefore, the ferrous sulpliiile {< :■.■.< ■ . . 
jwilvcs a o*n.si<ieriible portion of the silver siilphiiie hit . . 
metal. This is nia<ic tlie more probable by the fact that a ] 
heclion of the upjwr layer of the ingot shows traces of ;i lu:. ■ 
structure. 

Alloy A.F. 3 contains sufTicient iron to saturate the wliol^ . f ■ 
siilpliiir present. Apparently this i.s what does occur, ^ih<'" • ' 
freezing point of the mixture rhses to that of pure silver, ar, 1 t'.'t' 
is no j»ernnd freezing point. It was found, however, on ewi.y- . 
the layer rich in sulphur iindiT the microscope that silver * 
was present. t4n adding a considerable excess of iron ,ih v- ’ ■ 
reciniifid to s.ilurale the sulphur, the silver present in l!;-' i:;'’ 
laver was displaced bv iron, the upper layer tlien c n 
practically ]'iire f»-rr'>us sulphhle. 

Iron. Ilierefore, wimn luldM to molten silver cnnl.iiii:'.' ■ . 
8ul])hide n])pears to remove the sulphur from solution. 
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„y /Wiim/ hy Air fhr.>u,}h MuUfft SiJrf^r 

eon^oiintiQ Suiphftr. 


;. !i;A fSl>«rim(nts being (lM<-ril>e.l ,lry air was blown tl,roiig!i 
metil at aliout 1000', the rale Wn,, ai.|,ro\mi,.il.'lr the 

- . » Vt'fV ca». 

r , ji'oy i-onUin«l 16 ]»r oeiit. of silver sulplii.le, in.l 6ii crania 
j ; , were lueJ in each capcriinfiit. Table IV niv. s ilin rosiilu 
(»-=ri 

Table IV, 


fAprriment 

number. 

\ 

3 

4 

ri 

ti 


Time of blott in(» ai'p. 
M]uut«-o. 

0 

2 

7 

Id 

44 


Frcfriiij; 

un; 

ul:i 

u:M 

\m 

\h:> 


Fi.i. 2 . 



ai»<'riiiicut 7 the material from exiw^rimont 0 wh,h re riiflt<Hl. 

w^s added, and iho mixturo wa.n well stirred, 

•" ciirve obtained by plotting the results is shown in Fig. '2. 
> ; !-> «ieen that the removal of siiljdiur is somewhat, slow under 
: iitiMfjs of the experiments. The rate .vt. whirl) .lir was 
t:.r'ir.gh tile material was of nei'essity shiw, owing to llio 
' ■ ^jilting caused by a rapid .stream of gas. 
irr i.al was added in experiment 7 to remove tlje fixygen 
'u s^ihilion in the silver, in order to »|etermine wlndlier the 
’ iU that stage was pure silver. The freezing point ohtained 
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ii •lightly lower than that of pure «ilver, Microefopic . 
«how«l that no iulpliKle waa present. The low fr~;,. , . 
obtained was due probably to the »raall weight of mate.'.i; 

I wi«h to thank Mr. T. Heycork for suggesiini; v , , 
me, and the Reeearch Fund Committee of the Ctiej: . i: . , 
for a grant towards the cost of apparatus. 

Mcrauiaiiji ti. UsrAainisr, 

CauiicAL LasoBAToatis, 

CaHsaiosa 


CCL.W'I. — Ri'^earchea on Silicon Con^ponnds, i 
l*rfp^.iv(((tOH oj Silicon 1 £tv(tcliIoi'id< , 
Ihj:achloridi\ tml the Higher Cbloriden vf \ s 
hij (he Action of Chlorine on 50 pv - 
Ferrosdicon, Together with a Discu^^don "/i ]' 
Mofle of Fomatiou. 

By Geof?bky Mabtin. 

Thk mctlifMl exclusively iiswl for preparing' 'ilti ;; •- 
tlilorido in tho laboratory was Oenated's prm'esA (,l •: , 
Vhem , 1825, [lij, 6, 132) of paesiiig chlorine over a red ii‘,t li j- 
of silica and carbon. 

A great improvement was introduced by Gatlenn.fn:; 
Weinlig in 1894 (/hr., 1894 . 27, 1943; see also Cattcni .it i 
Kliery, lirr., 1899, 32, 1114). when they passed chl-nr.- 
crude silicon coiitaimvl in a glass tube heated to 300 31' i 
obtaiiKsl bv this process a prwhict conUining 80 per ('ciu. - ■ * 
tetrachloride, 20 per cent, of disilicon he.Xftchloridc. 

0 5 to 1 per a*nt. of trisilicoii oc'tachloride, Si.,ri^, 

Vp to the jtrox-.ent time this has proved by far the f'.oi"-' - 
of preparing, not- onlv eilieon t-elrachloride, but also 
chloride ami the liigher chlorides of silicon. 

The cost, however, of preparing disilicon licxa* h. r: ■ 
quantity by this method is .almost prohibitive, ami ! " 
disilicon liexacliloride is sold at an extrejiiely high pru". 

As some kilos, of this costly pro<luct were ncce^sarv 
to carry out some of the r<«earch work on which th»' a 
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it bfcam® nw^sary lo d^vis^ stune clu'ap sud oinivt'iui'iit 
uf disiliam h^-xacltloridt- in ijuaiiiitv. 

much preliminarv work it was l\.uiul iliat ioinn 1 t-rvi. 1 l W 
^ \ fprrosilicon. such as is u>txl for rt-ijiiiiij; ►loo!, i-aii ho tim-d 

• tbo esj^eusive Mlii'on iist-li for liiv inu}H.st» of propaiin^ 
\\<ii hexachloride in quantily. and liuti this m.itvrsal forms 
.'if most cconomival known n.rilioii of I'rvjvitin^' .'iluam 
^^rj^idorid?. 

j- uvi there can be no doubt tliai. in fuiuiv. .'•»* jirr iviu b rio 
,.,,c Miitet prove tlic startin|» point for tlsv projuraium of ail 
, .fUiaWHi compounds of siluon * 

VoG^**<lucntIy, a description of the method of usin^ this inaieMa! 

■ f prcpAfiiig silicon k'tracldoridt*, disilicon liexavltlo! itiv, itnd tlio 
.•»fr chlorides of silicon, will Ik' of some valuo to ollu r woikcrx 

• nhcoo com|»oun<ls, as the optimum vo!uh^uMl^ wvro onlv 

»t after much troublesome ex|K*nmenting uiui mitiy pio- 
.K;!;irv failures. 

Ill order to give some idea of the vxtenl to wliii h tlic diflicul 
ftit.udnvl to the preparation td thest* highly li\^Tosctipic liijiiiil 
iCpPidrs of siliwn were owreome hy nic.ins of the tlnal form of 
ij.pirjtus deacrilje<l btdow, the uulhor may Mate tlial he Mtreeedt^l 
»<iUtifig 3 kilos, of pure disilni*n hexaeliloiiile, I'ott grains of 
rsiscon (.K’tachluride, and more than ol ktlo^. <'f pure sthvoii 
yifichliiride by pas.sing 113 kilos, of ehlorine over .M) kilos, of 
•^.''Tvfihcoii. This was done in an or<liii.ny rh« iiuc.d lahoiatory, 
j;„i ai! leakage of chlorine an-l of the volatile silicon u-trachloiide 
»i<i •*! completely overcoino in the linal stages of this ju'i-paratton 
ordinary class work went on aroiiinl the apparatus while the 
'rt-paration was asdively prfieiK-tlin;:. 

Since water causes the instaiit docompositi<in of thcM* chloiiiles, 
1 , [races of atmospheric moisture must, he carefully exi huied from 
■» ] p.ms of the apparatus, and it i.s this iieeeshity tliat makes their 
;r'paratuui a matter of so much trouble. 

The large amount of di.silicon liexavliloride prepared hy this 
iiitc.-w enabled the author to olilain it in a btate of very great 
: jfitv, and so lie was aide lo inve.sligate its pinporties more care- 
''.”y than was po»ihl« with earlier workers. If. was found, for 
'•cuii].|e, that (laltermanii ainl Weinlig's valin- for the boilmt: 
of disilicon hexaeliloride. Si.t’!,,. nanielv, Mo M<‘i, w.i^ 
loiihiediv a little too high, the true hoilitig point Iteiiig 
dl li-V.V' 700 mm. The hoiliiig j'oiuts «»f tin- suhsfarnr* under 

* Th. »)]iajn iiurchwd.s-i 50 jn-r --ent. broisilimn in iie.itly ♦;i^ht< cii liiiic» > i 
I.' *ht u purchased a» pare silicnn ; iiMirenriT, 50 jHir cent. fvrrOHilirffn is naclily 

otiihlp, the other grades laing made only ou the Hiiitll .vale. 
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prewures ranj'lng from 1- mm. to ordinary atmospywr 
were also accurately determine*]. They are tabulated oji . . , ' 

The density of pure dieilicon hexaehloride was . , 

I>j' 1 5624; Trowt and llautefeuille gave D I 5S. 

The refractive index for 5^>dium light (/> line) was i , - ; . 
1‘4748 at Galterinaiifi and Weinlig (/or. ext.) . 
fractivo index for "red light ” as 1*45. 

It was also shown that although at the ordinarv , 

disilioon hexa<hIortde does not combine with chlorin*- 
the latter i.s very soluble in it), yet at about SOO"^ it tak-> - * 
this gas and burns to silicon tetrachloride, thus, , .|- 
-JSiCl^. 

This is a new fact of considerable importAnco, since ;• - . 
light on the mode of formation of disilicon hexachl<>r;d>' !,v • . 
action of ciiloriue on siUcon or ferrosilicon (see heW;. 

Although Oattermann and Weinlig (/or. nV.) showr-i t! ^ 
water acts on dwilic-on hexachloride there is producetl x* 
acid, (Si(h!I).;, yet they seem to have overlooked! i]i,. f j , . 
there are also sriluble colloidal forms of silico-oxalic at j-i j.r-:,,.. 
at tho same time, as the author prove<l in the course of |],n „ 
These colloidal form.s are to l)e investigated. 

After tho «lisilicon liexaclilorido had distilled, about ,■ > 
of criulo trisilicon octachlorido passed over. This, ^i^U■r - .tr*;, 
fractionation, yiol'led about 150 grams of pure octarlil'T'd-, -aI 
boiled at 210 • 21.T^ umler atmospheric pressure (Oatteriii i.* s 
Weinlig. he, eit., give 2H>- 215^, and Wesson and Koiirnifr. ' 
rrrii/., 1909, 148 , 840, give 215 — 218"^. This value is uifi' ui t-'. 
too high). However, it was shown that trisilicon ocUchlor;*!.' .-rri . 
oily decomposofl when distilled under tlie ordinarj’ pressiir--, . 
rise to a dark-coloured residue. To avoid decompositiuu -Ji.* 
found advisable to dLstil ib umler diminished pressure. It <- , . 
bo repeatedly distilled without decomposition at pressuffs io: * 
110 mm. (when it boi!e<l at about 149^). Trisilicon octacli!' r; i 
considerably less stable than disilicon iiexachloride. 'h ns.t-. i 
1)1’ I Gl, and the refractive index (// line) 1'5135 at U ii , 

After tho trisilicon octachlorido had been remove<i tii« 
remaining was fiactiormlcd under greatly diminished pro's'. ;r-, . 
higher chlorides were isolate<l in small quantities. Thf-.' n r- 
decompose^! by water, giving rise to white, amorpiioiis pr a; • 
which dissolveil in alkalis with tho evolution of A 

later conuriuniration will lx* made on this subject, bc'- n > 
Fournier {('(twpf. rnuf., 190*.). 148 , 839; 149 , .'ili r"-"' 
<lescril>ed higher chlorides, which were isolated by .'i il-d-f '• 
method. 
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^ Ifft afl^r reiiiova! of thes^ ohloritlt's oiiislst»Nl of 

13 grams of a visnd. hWk. tar hke lua^s ;iiid (^'1 alwut 
s of a black povtl^r Ukip aniniii! oharcoal, Tlieso jiroducta 
" l-cing investigate^!. 

'i. _s *.'..15 shows that the proluct ulitaiiie,! bv llio at'tion of 
^ ; ;i wlicoij aiui ferrosilicoii no s>nii|i!o suhst.uu‘o, liut a 

!rx mixture of silicon oomiH-un.l!*. the thlTcrciit. ctmipon- 
■ v':.:<\\ are now iu prcK'eN!* of isolation. 

■ j.yr;;.a[in and Weinlig (/oo. <•,».) cxplaiiio,! tlto format ion of 

hcxachloride when chlorine paR!?<s over siliroii at oiH> ' hv 
that the chWine lirst diro.-tly unites with tho silicon to 
j > ' 11 tetrachloride, thus: 

Si + 2CL*-SiC\ 

ih.v suppoaetl that the silicon telrachh'ride tlius formed at 
with more silicon to protluee the hexaclilorido, thus; 

3Si01,-:-Si-2SUV 

. List twenty years this explanation (»f Oatlermann nml 
iiis universally accept<*d as the (**irreet one. Ilt'wever, 

, r\; l.ui.ition is certainly f|uite en-uu-ons for tlte sitnplo reason 
jf f:;e Inw tetiiperatures employcfl by (latterm.-uin am 1 Wrinlig. 

•; •'s> by the author in the preparation of disillcon hrxaclilnride 

• ^ :ii‘t!nn of chlorine on ferrt-'silieon. silicon Iclracliloriilo dm's 
<»rv J With silicon tA produce disilicon h-xaclilorido in miticoHldo 
; ':!v Tliis is conclusively shown in tin* experiments «jUM(<>ii 

V (l ittermann and Wciiilig made not tin* sliehtcsi altemnt to 
their theory experimentally, liidee.l, on theoreticid ^ronnils 

♦ : r:::.uitm at n low temperature of <l!silic(*u liexachlorldo from 

. 1 !! 1 silicon tetrachloride would appear It. be im sl impif'b 
' disiliron hexachloride is an endotliermic cnmj'oiunl, aitd 
( rr’.atinn roquircsi tho absorption of a cousiderablo ammuit of 
r 

.'i wl i'e hcMt would favour its formation (as in tho similar case of 
' • xide). but a low temperature would not be expected to art 
■:..i way. Troost and Ilailtefeuille showed that at a U‘m|)eralnre 
the fusing point of porcelain (that is, at a white heat) 
of (li.silicoii hexaclilorido from silicon and silicoii 

■ : ; r; le does take place to a limi(e<| extent (.1 nu. Chun. J'hys., 

• . 7. 'laO), but the cffiulitions under which the formation 
in Troo.st and Ilautefeuille's experimenis are entirely 
from (hore under whicli it occurs in (laltermanji and 
' : experiments, where tho temperature is kejd. tpiile Inw, 

' • " :ii the authors experiments, wliereljv <!isilicon hi'x-iclilnride 
by tb^ action of chlorine on ferrosilicon, where also only 
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fiE? , 

low temperatures sr* employed, so that arguments 
Troost and Ilautefeuille's esperiments do not apply io i- , ^ ' 
the case now under consideration. 

Tlio problem to !» explained is how a large projx,rt; 
iiig to something like 20 jier cent, of disilicoii lin, . 
produced by the action of chlorine on silicon at the 
lures (atmut ’Mf') employed by Gattermann and Wet!; ... 

The conclusive refutation of Gattermann and Weinli,; , ... . 
given by the following experimental facts establiilied bv i; ,. . . 

(1) When silicon tetrachloride is distilled over eitlicr r - 
fcrrosilicoti heated to any temperature between 20<J- i,. \ 
noticeable amounts of disilicon hexachloride can Ije 

the resulting silicon tetrachloride; in other words, iliiwci.t 
chloride is pot formed by the action of silicon tetraciv r,;. 
silicon at mwlerately low temperatures, as Gattermann an I W'. 
.supposed. 

(2) Silicon tetrachloride was prepared hy allowing’ ilii .t; , 
act on ferrneilicon at one end of a long tube packc-l »;! . ■. 
silicon, and the silicon tetrachloride thus produicd h , 
over tho long length of healed ferrosilicon in the 1 «,t p 
(d the same luhe. Is'.ss tlisiliimii hexachloride wots li.in.ii * 
present in the resulting silicon lelrachloride than wlieii i ;, . 
lengths of ferrosilicon were itswl. According In the i;.iior 
and Weinlig theory, the longer the length of ferro.siIic„!i it,,,, 
hy tho vapour of the silicon tetrachlnride the heller : 
npportimily for the re, action. MCI, i .''i- 2Sij('l,:. to [i .'.c 
that an increased yield of disilicoii hexachloride slir.m l u,» 
suited. 

(.I) Moreover, the lower the temperatures emplovi'd i!.- . 
tho yield of ili.silicon he.Kachloride. For example, wli.'ii iv. ■ 
containing ferrosilicon were kept at ISO 2fl0’, in some rt-e 
than S'6 per cent, of disilicon hexachloride was prohied 
251) 260® about 4T) per cent., whilst at 300 - 31ri’ oclv e 
1 per cent, was obtained. This should not be the r.u-> 
Gattermann -Weinlig theory be correct. 

It is therefore obvious that some other explaiKih..!: : 
fonnalion of disilicoii hexachloride and trisilicon oclachii .i: i' ' 
bo sought for. 

The theory now advanced, which explains all tlie kc an ■ 
in a satisfactory manner, is tho following: 

Ordinary silicon (ami also the metallic silicidps) ore--, 
complex chains of silicon atoms directly united tcgril'r 
first action of chlorine on silicon (or metallic siliri'ii.-i 
scquently, a comple.x one. The chain of silicon atun:< :* 
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disrupted by the chlorine, bm there are fiist pro- 
^.*1 roniplex chlorinated proilucis eti!! rontainiiiu chains of 
,„,a eioini directly united. These eoiii]!le.v ehloiiiies ate then 
^•iei by ““d dei-oniiHiv into Mnipiei ili!ori,l», 

J^,£ »i t'isf’iin *^iib’li.,., and Si Cl,, all of «lmh 

,^r, leen iaolaUd. Lastly, the ehloiine tlim .ittaii- iliese 
and protluces therefrom silu-oii t.ii.uli'ornle Thus 
"cMi te'.raehloride is not the llr.sl |.r.>du.t of ihloiin.it ion (.is 
;^..rtii.sun and Weinlij; suji|.o»,',l I. hut r.iiln'r is the in,., I 
„( Jilorinitiou, as indicated in the folloMlno scIk iho: 



CT-ii-CI 

sicij 

.Sll'l, 

S.t’l. 

-is<’ 

Cl-Si-Cl 

ChSi-tT 
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SiCI, 

Slt'l, 

1 n 

t a 


11 Cl 

'St- 

CI”Si~C'I — > 

SiOl, 

Slt’l, 

• Sid, 

"Si* 

ci-ii-ci 

CT-Si-(T 

Stfl, 

Sid. 

-.Si* 

ci-ii-ci 

1 

he, 

S,t 1 , 

Sifl, 

iA ..5 -f t-UvOQ 

Pint of 

ScCOD'l 

lliii-l 

Fitm) 


chloriofttivn. 

tiiOWitl^' how 

hli--ttiiijj lilt- 

0 li 0 W it)t( 

k'iVfl 


the clltlll itf 

ii hrokfii 

•lou u l.j- thf 

chluiiiK*. 

Il'ulUvnAll 

<'| tllKllll'llIt 
l.i't.tch)otltU 
UDvl xlliroii 
Icllttlilothto, 

lltc rt'Ot 

J'lrlfrlilnr- 
ihatioii u( 
thf ( liiitiA 
of lilii'oi) 

Alollfi U) 

SiCl^. 


('.,iiMif|tipntly, silicon tetrachloride i» the miiin |irislnrt of llni 
s'.. It. hut uniill (juantities of coni|ilfs clilotiihe still lontainiiio 
i.'fstiy liiikisl silicon atoms remiiin in (he silicon (l■^ra, lilninle, 

: js nniiLatine its inodo of origin. 

TLe aiiiuuiil contained in the silieoii fetr.iehh.ride of ilisilicoii 
■.suihliinile, which poascisscs nnly (wn silicon aloiiis ilirei llv liiited, 
.1 Sitrii greater than the ainonnf. of cliloinh's lont.iiiiiiig lipiiri-r 
■i.v.f of silicon atoms, such a.s Irisilicon m l.n hlotnle, hi c.nise the 
Cssr ihaiiis of silicon atoms are the lii>t to he hroken nnder llie 
■•'•.iiiT action of the chlorine. 

Tk same considerations apjily to the case of the mclalln; 
■ h's. and the fact that silicides, sncli ,as hit per cent, ferro- 
'• ■11. can be used for jirepariiig tiisilieun he.xachloride .and liiglier 
rides containing directly linked silicon atoms (see aboveh may 
Uiisii as evidence that in tlie-se inetallii: siliciiles chains of 
iroily linked silicon atoms are present, and that the small 
*’• Jilts of higher chlorides ennlaining directly linkisi silicon 
I es.s produced in their chlorination contain parts of the uiihroken 
Sams of silicon atoms which were originally jiresent in these 
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iilicide*, but which havd bwn for tbo moit part brok^:. | 
the further action of chlorine, iuto silicon tetrachlor; > 
The foriiiatiori of disilicon hexachloride froiu frr: 
example, would U very simply explained thus: 


vSi ... SiC’L 

Fe< ‘''A+ I,,,. 

Tho fact aeemh deiinitely esUblUhcd that many of f; ■ 
such !i8 ferrf^silicon, are eimply mixtures of complt-x 
in many casca there ia reason to l>elK*ve that the Sii., :; 
“(•oin|)ounds" at all, but are merely solid solutiuua i 
ail icon. 

The followint; facta are in favour of this view' of th. 
of the hit'her ciiloridee of silicon: 

(1) Com[dcx chlorides of silicon are invariably 
chloriiio acU on silicon or silicides, hut (as shown abovi- . 
their formation cannot Ije accounted for by the aetjuj 


on silicon tetrachloride. 

(2) That the di.-ruption in the presence of chlorine i.i ; 
linked silicon atoms, such as exist in disilicon hcxacli! 
silicon telracliloridu doe.s actually take place Wcls prov. ! ’ . • 
in;,' vapours oi di-dliioti ht-xachlorido inixt'd with chloric.' i'; 
a IuIm) licatixl to al^out when the disilicon he.xac h!' i; i i , , 
lire aiul huiut to hilicon tetrachloride, thus; SiX'l, rj 
It was also proved that at llie ordinary tenijicratuit* .1 ;m:;i 
chloride doi-s not conibiiio with chlorine to form <, 

clilaridt'. 

It is therefore practically certain that the bitmII 
silicon he.xachluride, octachloriile, etc., found in the .‘i!. . > 

chloride jirmlutt'd by cbloiiiialin^ silicon or iVii.*-''. 
simply tho reshiue or debris of mucli larger fjUiintili ' h •! t, 
hexacliloride or octachloride originally jinwent, lln.s r. -. i:; 
esca|M*d dr.stniction l»y (lie chlorine pre>('i]t owing tn i!,.- : , ' 
it w.is (piivkly removed from the sphere of action <1 I 
by ipiick cooling. 

(J) This theory also accounts satibf.ictorily lor tho f,i. ; ' 
lower the tetnj>eratiire at which chlorine ads on lerh -::. 
greater i.s the yiedd of disditoa hevachloride and uthi r . 
of silicon containing chains of directly united silicon a! •' ' ■ 
molecule. 

On the GatUTWanii-Weinlig theory the reverse '-il. 
riitlier be expected to take place. 

(4) Next to carbon, silicon is the element having the ■ 
developed power of self-combination. KlcmenUry sih. ;i • 
fore, cauuot be regarded as a mere aggregate of 
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but r»ther the elemeni ,.,u>t Iv theu.hi of as wuuuw.l of 
molecules eoiisistiug of ,„aiiy .-.iiox.u „toj„s a.ucilv umto,! 
, possibly lu nugs or chuius, „ 

,.,:f therefore, sppear to be uureusouubl.. to suj.yos.. at the 
^ the cbloriue atoms act on tl;,-.o ...olctihs th. v 

;|y to pieces with the protludio,, of s, aU.m, 'of silicon 
.,10 then arte,! on by the chloii,,,. s;Ik„„ i,i,-.i' 

,, .air. It 13 more reasonable to .sii|,i.,s,. tli.,t the chl,.im..tioii 
;i.oe slowly and the whole comple); silicon inoliciile is 
foriniiio liivt conijilex cli!moc.,iii|,„iii„!, uPa), j,,, 

i;,ii!n.r action of the chlorine, l.uak down „,i,. s.i'io.le 
_ ,., 1 ,-, the embproduct of the whole c,.ni|.!, c ihuo „i et.nila 

• ,..:icuii tetrachloride. In this „ ,i„. ,„ii„iis 

„;,.M,o-ntal fact (ueo p. that when chlorine is ,i.,,s.s„l „ter 

• iijo.ituu lieatosl to a euitahle tciiipcr.iliire, tlie loi iii.itioii ol 
.Ii tiUraclilonde dos‘s not heejii at omc. First of .ill, .1 nt i,i,| 
t,»hicb may laal any time from thirty ihiniilcs to oiic lioiir. 
lore tinder spciial and nut well ttiuletstood conditions, to tlireo 
. during which mi silicon tclrachloii.le .n all |.assc,s over, hut 
, .i„.!i It is poaaihle that the suit,,. ,• of the ferio.Mlo oii i, hciiig 
,1,1 ell With tho production of lOlMpleX ciiloiioated Mliio'i coni' 
by the further cliloriiialion oi which the mHishi l,lra. 

, tiiie IS priKlticed. 

111...' this initial stago is over, the loinulioi, of silicon letia 
. icje l.tkcs plas'C with great rapidtlv. 


£ X 1' n It 1 « K S' r ,s i,. 

'oif;oa;r,/ A/pfri/ilints. - Soluo plellMltll.irV expel iments Welo 
.-,•.1 out by placing .lO per wui. leriosilicim in elas.s mbie and 
.Idotine throngli them while the hitler wele healed to 
. Iriirpeiattiira in a (lall.-rmaiin'.s bonih fmii.oc, 
f, M-l a tcm|H-ratiire of ii'.N) iiln was inainlained. It. w.is 
! iin l. however, that glass Inhes were ipnle uiiaiilalile for 
terrosiliiaoi. In (he lirsL place, the ferric chloiide pro 
•i by the chlorination of the iron .Mihlinied down the Inhe, 

. ro causi'd it to hlock up, and tho Inhes usually hioke when 
; .:e,iiie<l out. Moreover, tinlcsss tho slie.im of elilorine is 
,. .si. iully regulated, tho teni|M.rat.iire ot the reaction may li.wi 
c.'i tiiat the glass may fuse at certain p-miita. 

* ■’ ue.- of glass Lubca, therefore, was ahamloncd in lavoiir of 

• ■ny iron gas-jiiping, 30 mm. Imre, lilted at. the mid wilh 
■o_> lorks. It was found that the, iron jnpiiig was sr»on biinit 
i.ii by the chlorine at that end of too tiihe where tlie eliloriiio 

■'ovd and began to react with tho ferrosilicoii. The cxpetlicnl 
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of piaciijg the ferrcmilicon on mwaWe iron troughs ^ 

wu lrie<l, hut was abandoned, as the troughs stuck ^ 

inside of the tul>e (owing to the ferric chloride actiiii;; ... 
and the latter could not Ixj ♦■ffectively cleaned out, 

Although, when the tetn|Kfrature of the furnace ^ . 
at W JlU', tlm iron tul^e was very rapidly attat>;. < ; . 

ciilorine, it was found that by employing a lower ten^i^ r ,' , 

f'orrosive action of the chlorine was very much dinuJii>i..;>{ \ 
[>craturo of IHO 20(J' was found to lie very suitable, .v 
turn of 17f/' caused the action of the chlorine on the u-rr ■ . . 

become V) slow that it was abandoned in favour of th** 1;;^; . ► 
perature. Morw>ver. by keeping the temperatures low, i<,.. > 

disilicon hexachloride (the substance it was desire*] i, . ■ 
quantity) waa practically doubled- Thus in tlie initial . ... 
when the furnace was maintained at 'lOO — 31U^, the yield oi .i.» 
liexachlorido in tlie crude hilicon tetrachloride was uboiu [ ; , . 

When tlie furnace was kept at 250- 200^ the yield .! dit... 
hexacltloride rose to d G |)er cent., whilst at 190 ii,,. , 

rose to H G per cent. At ITU*' the action of chlorine mi irirv*... 
took j^ce too slowly for effective work. 

.1 {tjuiratus far the Vrodnetwn of Silieon ,.-.J 

Difiiieon Ilrxachlvndf in Qumititt/. 

As the result of these preliminary e.xperitnents an u[ip:tr,4!u« : 
producing silicon tetrachloride in quantity was built up. i:i 
chlorine from a cylimlex was dried by passing tlirough yilr...: 
Acid, and then, by means of a T-piece, was led alternat^dv ti.r 
two iron tubes set in a Gattermaim bomb furnace and dnrj-- i *, 
ferrosilicon, Tlio eiuls of the lubes were fitted with ordiMry , • 
tliruiigh whicli glass leading-tubes passed. 

The corks were l>est coated with paraflin-wa-x or bakoh'n’ vi?:.. 
A plug of glass wool at the far end of the tulxjs arrested 0 ,-.- i-r: 
chloriilc, which slowly dislil!e<l down the tulie, and lendid ‘ ■ 
up the leading tubes. The silicon tetracliloride was col!'''’* ' ; 
W inciiester bottle. 

This apparatus worked well for the production of a ‘• 
of silicon tetrachloride and a few hundred grams of disili" n • 
chloride. When, however, it became necessary to prefAire i:- 
DO kilos, of silicon tetrachloride, so that about 3 kiio#. of <!;'• 
iiexachloride couKl bo isolated therefrom, grave deln.t'' 
revealed itself in the apparatus. 

Ill the first place the corks iieedeti constant repliic<'ii^’ ’ 
repair even wdien well coate<l wdth bakelite varnish. M'lrt- • 
they often become impregnated with disilicon hexacldoridc v. 
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.« kiaridw, which on conUct with iitm,.si,hffic im.istiire »oau 
with the production of explosive mIu-o.i oxy i-oni,«iun,i» 
-„,xj„e!!tly. the corks, after a time, lieoame iiiiple.isaiil to Imioile, 
. 1 . i'rcing them into or witii.irawmg tiiem (i„iii the tiiiie 
e< occurred, which, when mn.'h disiiicon hexsehlorule h.sd 
' ;...-!ed, could cause injury to the li.nmls. It slioiil.l Iv note,! 
these compouud,s of silicon which contain m],.-,,,! atoms 
iiniteil m the chain arc, appirciitly, formed wiili the 
w.ttticn of heat, and so are capable of exjdosioii mi, let ,suit,ili]e 

jciitlv in the course of the cx].criii[eiit the corks I.h-w olT 
warning with considerable violence, eitlier as tlie result of 
,_.:;,ii hhx-kage in the tulie by the sublime, I ferric clilori.le, or 
,„.r ;y, on cerwin occasions, by tlio jireseiice of <■.««« of chlorine 
causing the ignition of the higher chloriilcs form, si in 
) j.^ie (see p. !i859). 

I.rti.,:', oi chlorine from the corks could only 1 k> prcveiiU'il with 
iiili, illy, and as aliout 143 kilos, ot chlorine were nsjuireil 
: v.f j rislinti.in of the iimoiiiit of silicon hex, a- ami lelra chlorides 
a^is'i, the le,akage of chlorine beeatiu* .sen, ms. It was, there 
iscir.i.il to devise clilorine light eml pu'ccs, ami afli'r some 
img, the corks were tiiially ilisplacii by delaelialile iron 
r>-:i,v,',l ,111 to the ends of the IiiIk's, 

i „ lonails were made gaslight at lir.sl by the use of or, Unary 
. a s.ij, (which acted ailmiralily ns a lute for chlorine), but 
;, r : I res of asbestos intro, litced into the llinsads were foiiml 
. ; le tter. The dilTicully of clihirine leakage was thus siir 
! ari.l the ends of the lube cuild be screwwl olT willi eas,- 
1 !:„■ tills, withdrawn, wasiieil out, and reeliarge,! when this w.is 
'^virv. 

! i-x'kriges in the tubes invariably orcurrotl aft^r a tTrlaiii 
'if explosions could easily anH4‘ unless the prf.ssiin* 
iriMdo the UiIh'h was properly controlled. This was done 
mercury inanomelers to the inonihs of the. tubi's. iiny 
if prewure inside the (ubes being imlicalcd ])y the rise of 
•:,.;ry in tliese manometers, wliich also acte'l as safelv valves. 

; •‘ov, st was necesMry to absorb chlorine .in<l other corrosive 
■ .ft -Aiuch passed through the apparatus. This was very efh- 
'-} *1' !it' by means of a lime absrirber. Jt consisUsl of a wootlcn 
tin, long by 70 cm. wide, fitted with .shelves so shaped 
i- chlorine pass^i over them in a zigzag fashion. The wa8t<‘ 
‘'!i(4-re«l at the bottom, and ewaped into the fluea at the toji 
'' >•!. holes of about 3 cm. diameter twred in the aludves. The 
-■* fiad to be changed every week, the face of the box lieing so 
('V. ^ X 
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Pjvr . 

arranj^^Kl that the front opened like A door, so that !•> 
vouM U cleanwl out when necessary The box was nsa-i*- 
tight by luting with ordinary yellow soap. The complete 
is shown in Fig. 1. A and .1* are two chlorine tyh;.i^. 
holding about 42 5 kilos, of liquid chlorine. S and ' 

series of sulphuric acid wadi-bottlee, wliiUt 1) and I)^ ar^ ' 
3 cm. gavpi{/e iron tubes, about 120 cm. long, 
leading pipes attached to iron screwon caps, C and f ' p . 
are tlm two mercury inanometen attached by means of - 

/ . • 1 $ j - 

rubber tubing to the leading tubes of 1) and Z)*, so that 
siires prevailing inside the pi|)es 1) and are accurHi»-!v , 
an increase of pre-^s'.lre being indicated by the rise of fo-r 
F and /'*. 

The merciirv in the reservoirs of F and F* is covered . , 


Fm 1. 



of com-entrfitfd sulphuric acid, which protects the menury : 
large exU'iit from vigorous attack by the chlorine ga.'t. 7, i* .i (iC ' 
mann bomb furnace, the internal teinperaturs of which i.H ini c, 
by the thermometer K. lii these e.xperiments the temper, tuir-' » 
kept on the average between 180^^ and 200'^, The tuU-s /; o ; 
end in iron screw-on elbow joints F and F\ from which a p ‘> 
iron pipe of 12 rnni. bore projects into the two receivjn;; 

Q and Q^. These consisted of two 2ditre filter lh^k-^, in 
almost all the crinle silicon tetrachloride passing ov^r ir'rr. 
apparatus condensed, only a very small amount pH.w:;(' y* 
through the condensers i( and .l/‘ and collecting in tiie !>- tii-* 
An air-pump F provided with a mercury trap B and a jp 
tube S is directly uniterl to the flasks Q and Q^, and by 
into Q and Q' (after closing sundry clips controlling tlie exiu fr 
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^ tJi« crud« ulicon tetrarhloriil* could bo forcoil'up the 
^ X •ud J' (which reach almost to the Imltorn of the filter- 
^ V and </>), along the pi|,e XX into the fr,uti, mating eolmnii 
j jsd ihiu mto the fractionating flask f, which is heated on a 
,.«r-ba'-h I . 

Ti, fiadionaliug column eniplojed was a Youngs three hnlh 
Mj.Ciur still-head, which was fiisotl on to a litre flask. The 
iiiW from the top of the distilling column T pas.s.s throngh 
,,„. irn^r // into a receiver J (a Winchester holtle). From J a 
tube L runs to the catch-bottle .V, «„d thence a wide l,md- 
y laSe runs to the lime absorber il'ir. Here any chlorine and 
„„ icirachloride vapours enter at the bottom, nlnl after circu- 
over the lime on shelves in ligiag fashion, es,-ai>e at the top 
flues. The absorption of chlorine ami silicon tetracliloiide 
, lie ippiiratua waa almost coinplele. 

irmi (jiping was packed with coarsely cnished fetro.silicon, 
...niiueitced a few cm. in front of Ihe'phice where the tithes 
:,t tile furnace, and extended for some fltl to 30 eni, down the 

e, .d.iiit 1 to 2 kilos, of ferrosilieoti Wing used for e.u h eliarge, 
.l,..rt letigth of ferrosilieoti was fonml advantageous in that 

e chlorine was found to bo completely alworbed hy the sliort 
Cftr, olid a longer length only temle.1 to eamai the liihe to hh.eli 
.,-»nig to the sublimed iron chloride eondeiising in the term 
at the far end of the (tihe. With short lengllis of ]i!iekin.’ 
.-MiJerahle space was left in wliieh the iron eliinride eoiild eon 
■<e wiiliout choking the lube. 

Ire meihud of working the apparatu.a was as follows: The lubes 
-iicl il’h' wereeharged with ferrnsilieon, plaeed in the fiirmoi', 

; ;:,eir temperature was raised to 180 'JiHI the temperature 
m-iiiated by the thermometer A". Cldorine was then adniilled 
1 ii. deralely rapid stream, the late l«.ing controlled by tlm 
's v.dviet allaclied to the cylinders .1 and .I*, 
h,' action does not take place inimedialely. I'aunlly the siliion 
ill., rule begins to pass over in alinut thirty miiintes after 

f. a.g the operation. Occasionally, however, it was foiimi Unit 
: ur s, two hours’, and in .some cases three hours' jia.s,s:ign of the 
Ml- through the healed tnlre was neecs.sary Isdove the silicon 
' Tide liegan to pass over in ipiantily. 

' iierature did not teem to play a great part in shortening the 
■ "I tins jircliminary perlud, as even when the furnaiv was 
-n'lei at a.s high a temperature .as .'KKI 3ltr‘ the Kiinie plieme 
I w-is oli.served, and keeping the temperatiirn at Illll L’tW' 

-a iHuse a sensible prolongation of this period of waiting 
.r tiie silicon tetrachloride liegan to pass over. Alim a very 

8 z 2 
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rapid iitilial stream of cfdorine did not shorten sensibly X’*. 
jxrri'xl. 

This ♦ffect is, |>ossibly, due to the fact that the 
have time to attack the surface of the ferroalicon and prt^i » . ' 
mediate complex silicon chloriiiate<j compounds beforr u-^ , , 
lion of silicon tetrachloride takes place. ^Vllen, howev«rr n r- 
starte<l it UxA ]dace in<^Jerately rapidly with a c<)n>i I,., . 
of tem|>«jruture, and the silicon tetrachloride pasaetl ovf-r i;. .v 
stream and collectefl in the vessels Q and as a v>1!'.a • 
li<|uid. 

Tlie tubes are worked for alxjut three hours at a , . 
simultaneously or alternately, hut as a rule rnatUr^ 
arrangerl tliat one tube was in full action whilst the i ih^^r < i., ^ 
Ijeing [uilleil out and rechargwl. The silicon telra* hi. j; > 
densed in the filter flasks Q and Q^, and was from 11 ;^^ t . 
force<l hy the pressure of the chlorine from the cylin-lKf, 
pi|Ks .V and .V* iMt4> the fractionating flask T. Wh.n i;. j , 
done the strew clips were once more o|>ened ami the 
tiiiue<l, When, for any reason, it was inconveiiiniit . 
pressure of the chlorine from the cylinders .1 and ,1' iuj f r 
tlis liquid from Q into f\ air-pressure applietl by the air j 
was uscvi for this purpose. 

The silicon tetrachloride collecting in T was then fr.nii.’ :. 
distilled, tlie distillate l>eing collected in the Winchester b if# 
J when filled is removed ami replaceil by another Wsi.i'#*' 
Iw.Kle. The silicon tetrachloride is storetl in tliese hotiV* .■ 
onlinary corks well Imiled in paraffin wa.\, the corks U-iiii.’ in. 
out of tim paraflin bath and while still warm Isuntf 
the neck of the Imttle, uml covered over with a Iay«*r < ! i:' - 
paraflin, .so a.s to prevent any danger of atmospheric iimi^tur'' r- 
ing the silicon tetrachlorhle. When sealed in this way 
telrachlorhlo can l>o storeil for montlis witliout dejireciati' n 

When the fla.^k (' became nearly full of residues of Inch ' 
point, the water-bath was replaced by an oil-bath h. • 
higher teiuj>orature. 

Tlio disilicon Iiexacliluride passed over at 147- 1 1'j . u. , 
collectftl separately ami fractionated in a separate !la>k, > - ■' 
vidi^l with a fuscd-oii Young evaporator still-head, 
thus left behind in (' a gradually increasing ainounl mi r- j 
of liigh Ixiiling point, which were later proved to coiisi.-t ' 
chlorides of silicon (see below), besides a mass of tarry i 
and a black, solid residue, much like animal charcoal in 
auce. 

Method of Vhanjimj and Diseharyitnj the Tube*. ‘‘ 
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^fTtd lk»t ‘lie '“pply of tWiarliKiriilo (Inipi.iiij: iiitn Q 

^ ^1 iroai OB* of tk* tubes ilimiiiislml, or ulien the pressure in 
Idle beg»n to incresAe r«|i«lly (as mdi,-.iie,l by tli,> ,„ano- 
P Of ^'>> *'' *■“ ‘‘"O*" '*'»> ''"ker llie tilin' was In'roiuing 
^sue. 1 . or that it was becoming iliokeil up by sublime , 1 ferric 
This occurrerl, on the average, every lbr,n> buurs l\.n 
^^ot'y. it became necessary at the end uf I'hi, (i,,,,. w,(|„lraw 
(utJ, clean it out, recharge it with (errosiluuu, aiul lephice 
j j, the furnace. 

le do this, the supply of chlorine i.s cut off from the tub,*, then 
ly, red cap* <’ ‘“d “re rapidly tinscresed (^thcs,' laps ar,' cold 
to be touched by the band, since they project ncui lv flu crn. 
the furnace), Uie tube U drawn out over iron rnliers (not. 
^ ,,n 111 the illustration), then, while hot, ra|iidly triinsferreii 
s sink, a cork fitted with a leading tube is aitaclusi to on,, 
(sfter first withdrawing the plug of ghis.a wool), aiul a siifiplv 
I water allowed to (low into the Inlie, This water, enter- 

j ills tiilie, is soon heated to luiiling, and largi'ly converltal 
.510 (team, which blows the eonteni* of the tube through the np.m 
i.f the tube and effectively ami rapidly ih-aii.s oni the ferric 
•.lori'ie in the lube. The stream of cold waler is allowed to flow 
•r ugli the tube until it rtina clear, when the ferric chloride has 
*10 oiuipletely removed. The iron rod with a (aiinled end is 
,is(i applied to clear out any particli'.s of ferrosiliciui si ill ailhcrliig 
miictulie, and the wet, clean tiilie is (hen transfi'ired to a com- 
uunni furnace and dried by healing, while a ciirreiil of air i.s 
,«ii through it. The tube is then removed from the coiiihuKtion 
.rsjie. rapidly charged with 50 jier cent, fernisilicon, as di'serihisl 
- iJje ■.’,<- 17 , anil replaced in the furnace (iK-iiig run in over the 
■ r. telli-ra alwve-mentioned), the caps at (' anil /J are s, rewe,l on, 

-i the stream of chlorine is once more let inlo the apparatus. 

each iron tube corroiled very rapidly ju.st at one |Hiiiil, 
is:»ly. at the end where the chlorine enters and acts on Ih,' feiro 
vii. in recharging care was taken to place tlie charg,' at Ihe 
■A ef the Itibe opposite to that end previously useil, so lli.al tin- 
u siuii should take place equally at each eml. However, even 
.1.': this precaution, the average life of each iron lube was not 
•r» than sis experiments, the chlorine hurtling a hoi,' throngh 
e iron piping at the point where tlio action was most 
0B.>e. 

The 50 per cent, ferrosilicon wasbcl out of the tube is well 
o..ed with water until free from iron chloride, dried in an air- 
*11. sod once more was usetl for recharging a second lulje. The 
ifsilicon was thus used over and over again until consumed. 
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At llie name tima coMider»hl« wastage occurred, owing •„ . 
of the ferrwilicon escaping as a suspension in the wad. 

Too finely powdered ferroailicon was found not to i» . 
for use, as blockages in the tulie were thereby easily i, , „ . _ 
Since traces of higher cliloridee accumulate at the , j, . 
tube and arc converted by the washing water into '-si: 
compounds, these, on striking with the iron rod or < 
may explode if in considerable amount, so that a cert,:;; j, ' ’ 
of care must lie taken not to allow these residues to , , 
to any great extent in the tubes. 

This apparatus, which was gradually evolved out i 
failures and mislufis, worked very amoothly and el!,;,i , 
hy means of it about 51 kilos, of sillcou tetrachlorid- ,, 
pared by the pas.sagc of H3 kilos, of chlorine gas l,'.^r , . , 
50 kilos, of 50 per cent, ferrosilicon. 

from the crude siluou tetrachloride, which wa. , 

f.ast as it was prmliiwd iii the continuous fractioimlin.- ,| , .... ^ 
there were produi.-ed almut 3 kilos, of disilicoii liexac ,i; i. 
about 500 grams of residues which conlainwl nearly t’'"! 
trisilicoii octachioride. 

.\jtjKiriiliu fur Ditlillinij thr ('rmle Siliron Trlrnclil'.r:,!/ ■ • 

Srpiiriile the iliyher Chloriilei. 

The problem of dealing with large quantities of ihe i:. 
volatile silicon tetrachloride (b. p. 59°) is complicated bv i', 
that atmospheric moisture decornpoees it, with the forem: 
hydriKliloric acid and the deposition of silicic acid. 

t'cnsequcntly, all the vessels in which the liqiiiil ii- : ■ , 
lie most carefully dried before allowing the silicon leiraiid 
enter. 

A descriidioii of the a|iparalus used for distilliiii; and lie' 
ntirig this silicon tetrachloride in the alisenn; of am, ■: ■ 
moisture may prove useful to other workers, as the final n i au 
arrivinl at only after much troublesome ex|>erinienliii:. T • 
apparatus finally used is shown in Fig. 2. 

.1 is a vessel filled with coarsely granulated calcium i! ■ 
To this vessel an air pump, I‘, is attached, connexion leir .' ’ 
through a mercury trap, T, to prevent tbe silicon leim ' ■ ' 
vapours reaching llio pump. By this means dry air can ns m *: 
into the \Vinche.ster bottle, H, containing the crude m!i ■ :-c.i 
chloride to be distilled. As a result of this increased an i r"*- ' 
the crude silicon tetrachloride is forced iip the tul» A A inf" '■ 
fractionating flask D, which is fitted with a Youngs ihim: : 
evaporator still-head, C, fused on to 1), At the top oi lie t 
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r 1 , t Iharmometer. it. Th.. („ 1 k. from tho still- 

Pi(S« through a con.lonaer, .V, as slu,u„, Tim flask I) U 
>^.-0(1 oQ a wat«r-hath, //, and afior ilm j>ro}s<r atnuiuit of rrudo 
^ iflrachlorido haa boon for.«l ,„i<, D frum il,,. reservoir II, 
, 0 ft.irt!onat«i, the rwidual disilioon hesaoliloride (l>. p. l iri 't’ 
^srrtivr with the higher chlorides, riMo.iiuiog K-liiml i,. It. a|„ist 
,v!,.iil» silicon tetrachloride (h. p. ;,<» ) ',,ss.vs op the ’.olumii 
I- lEii, coudciising in .V, runs into the receiver A' A' is a catch 
Fto 2 , 



' r any silicon tetrachloride vapour that dw.s not condense in AA, 
t-iiii; .11, .auxiliary condenser. In hot weather A' should ho 
n.ncrMsi in ice. y leads out to the flues. 

Tii" Mile li, the distilling column C, the boUlo AA, and tho 

'•k A are all fitted with corks which have, been hoilcd in parallin 

m. 

Ilj-Iiieans of this apparatus many kilos, of silicon telrachloride 
*•'’ continuously distilled free from contact with atmospheric 
Slid separated from the residues of hi^di boiling point, 
thus accumulate in the flask />. 
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,, 

Am tirt liquid concentraUi in D it become* dark br»*t; 4 ^ 
black, whilst the liquid in A* conaiaU of almoet pure 
chloride containing a little disaolved chlorine. It is of a ^ 
colour, but can be rcndere<l cohmrlesa by allowing it to rc i . 
some days in contact with fresh ly-ignitofl animal charcon!, f ' , 
by re^listillation. 

When a sufTiciont quantity of residuea haa collected i- /, 
water l>ath, //» is replacetl by an oil-bath, and the 
distilled, the bulk of the material passing over (after tU ,, 
tetrachloride haa been removed) at 147 — 148° under the •ir,;,. 
almospherio pressure, There remains in I) some blatk 
dues, and a black powder rcBembling animal charcoal. 

HfilUtiflnUhn uf thr Cnulf Disilieon Jhiachlt.ruif, 

Tim crude disilicoti hexachloride distilled, as ahov^ d-MrrU; 
from the rcsirlues was now purified by keeping it uwr 
ignited atiiitoil eliarcoal, and was then fractionally distiliHi fr p; j. 
apparatus made entirely of glass, the fractionating colunin eiM ; v.; 
Iwing a Ytmng's three-bulb evaporator stili head fn.sed r? u:«> ^ 4,4 
During this of>eration the most rigorous precautions had t<» t.u<“ 

to dry most thoroughly all the vessels used in the di.stilUti^ n, 
wise a turbid distillate would result. 

Ordinary drying by washing out with alcohol followed by »!!;<« 
and blowing warm air through the apparatus was not 
enough, Tlie fiasks had to l» heated nearly to redness {.liur • * 
preliminary washing witli alcohol ami ether), and then, idu-r ■ . 
iiig out witli hot air, must be attached still fairly hot to th.- rhy..»r 
The pure .siibstaure boils at 144 — 145'O°/760 mm. The 
point, 145 -I tfi®. given by (Jattermann and Weinlig (/'-'* ^> 1 ; ‘ 
undouble<lly a little too liigli. The boiling points under 'liimf j 
prewure.s were also rleteriiune<l as follows: \ 

liinlintj rointu of I)i<ilir6n I/f-rnrhloriflr. 
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The pure substance froze to a wliite, ice-like mass at - 3 , 1 
did not finally melt until a temperature of - 1 ° was reachel 
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TV leniity of dWliron lifxaclilorido willi L’(XV6(iS4 

tf*s found to bo D, I 5624. TnKot itiui Hatilofouj]!o gave 

; *' 

Xw rofractivo index for sodium lijbt (ii drteriiiiiied by 

■jeboiK.* primt method wm fouml to W HT-IS ,,i |S'. Another 
j,,«T„in‘lion by a drop methci gave 1 4775 at 14 5' Oatter- 
5,111 an.l Weiiilig gave the refractive index fur red light " 
u i 4 j’ 

Abhougli Gattormanii and Weinlig ehoweil (5.f. , tli„| udien 
„„r arts on diailicon liexachloride, silivooxahc acid is ]irialiice,l, 

SijCl, + 4 HjO = (SiOJI) . I t'lIK'l , 

, she farm of a white precipitate, insoluble in acids, but solnble 
,,S jlkalis with the evolution of hydrogen, yet it seems In have 
their notice that iuduble colloidal forms of silicooxalic aci.l 
iis j.-r'shicisl at the same time. This was proved as follows: 
..,..i!cuii liexachloride was treated with a little water, when a 
s.iie irecipitate of silicooxalic acid sejiarated, which was cid' 
,wird The residual clear liquid, however, still conlaiinsi some 
j, ..o,' iixahc acid in colloidal .sohitioii, as was proveil by adding to 
;;:e lapiid a few drops of coluentrated animonia solution, when a 
, '..idfralde gelatinous precipitate was obtained. This «,lloidal 
of uliwi-oxalk acid is now being further investigated, ami an 
i.',' ;inl will lie given in another paper. 

1,1 Distliciii, Umrhl'irii/r. Itv means of a .small )ii])elle 
••lie of a piece of snnilMwe glass tubing ilrawn out at one end 
. i tilteil with a rubber teat at the other end (the whole pipette 
most carefully dried liefore use;, 1 ;iit2'J grams of disilicon 
.'Urhlonde were transferred to a ilry weighing hottle, e.xaelly 
.S'.i’hfd, and then decomposes! hy water remlered alkaline wilii 
n.iimiiia. The contents of the weighing bottle were filially rioseil 
s'., lim precipitated silicic acids collected, (lie wa.diiiigs e.xactly 
'-Iiaii.wd with nitric acid and titrated with silver nitrate, using 
:■ 'swiinn chromate as indicator. (Found, t'l 78 t), ('ale. , (II 7H t) 
pr rent.) 

/odaOon oin/ Pro^ttrlirt nj TrUillran (irtitrlilnrnfr, Si,('b. 

After the crude diailicon liexachloride had been diatillml over. 

> rrr remained in the flask a dark-coloured mass, consisling of 
.m i ami solid. The liquid was poured into a fractionating flmsk, 
‘'-■I there remained a black, amorphous powfler resembling animal 
' ircral, and weighing 160 grams. This powder is undergoing 
'’‘•Tunstion. 

The black liquid, weighing about 377 grams, was now distilled, 
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fit? T 

miog i rod-aad'diik fractionating colamn fuaod on to >>> ; 
and heating on a metal bath. 

After loparatiag the diailicon bexachloride atill in g , 
brtween 141“ and 147° (atmospheric preaaure), the t-: ■ , 

rote rapidly to 170°, and then more alowly to l&a°. j , ^ 
of the fraction boiling at 141—185° was 128 grams. 

The temperature then rose rapidly from 185° to 'iini , , ; . 
receiver waa again changed, 64 grama distilling betwc..;i > 

200°. The bulk of the lir{uid, amounting to 18.') gr.,; . . 
over, however, at 20<)— 220°, a large portion of which . 1 ..,:, , 

about 215-217°. 

There remained in the Ba^ altout 20 c.c. of a dsik’ . 
liquid l)oiling at above 220°, which was workeil up 
below). 

The dblillatee, which con.<iste)l of yellow, fuming l!.|ii;, , 
now subjected to careful fractionation under diminished 
using a 21 rod anildisk fractionating column fusesl .,ii („ , _ , 
Bask, and healing from an oil hath. The liqiihls *• o- , , , 
separated into some disilicon bexachloride and Iri.siiio v 
chloride, the latter l)eing obtained pure after one or tw.. i:,„i , 

tions. The amount of pure Irisilicon octachloride was ; 
grams, about 30 grams of impure liquid being siiiiu!! u,'- 
isolated. 

The puhlishcsl accounts of the boiling point of this -ui.’i ■ 
vary consiilerahly. Thus, Gatlerinaim and Wcirilig (h.c, co . , 
210 215°, whilst Ilessoii and Fournier (/«c. cil.) give 2K. 
There is no doubt, however, that Season anil Fourimrs ir :/ 
was not pure. Tho boiling point of the alwsve pr da ! 
210 -213° under the atmospheric pressure, agreeing ch-dv 
Gatteriiiaiin's value. Tho substance slowly decomii , , 
boiled under the ordinary pressure, giving rise to a (hirkoc l> 
residue. It is tliis partial decomposition of the trisi!i" n f 
chloride that is responsible for the fact that the hnii.i;; ;■ 
is not very sharp under atmospheric pressure. Wlicn ti.- , 
is distilled, however, under diminished pressure, no .hi n;. 
tion occurs; the liquid can be repeatedly distillcil un icr „ 
ished pressure to the last drop, without any discolour'd r-' 
appearing in the Bask. The boiling points were dci* m : 
follows : 
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Th^ .leiuity *« found to I* D;* I C|, a,„| )V rt.(r,irtivt« index 
lighfc (/t lino) 1 5135 at 14‘5o. Oattennanii anti Weiiilig 
fii i g»v8 th« refractive index for ' r<><l ligiti " n* ] 5-j, 
lise ii.jUid wa« analjiitxl in the same way as .lisilinni liexa 
iiocnle (| 1 . 2853). (Found, Cl 7i; 99. Calc., Cl 70 97 |.er ceiil.) 


Jidaliun of lliijhir ('hluriiht. 

Aiti-r separating tlie triailicoii octacliloride a* alsive deH-iilHsl 
,,-ie reinaiiKul in the flask about 2(» r.c. of a black liijiilil which 
, i!«l »t alove 220°. This was now subjected to fracliinial distilln- 
..-.a under diiiiini8he.l presaure in a specially const nicled siniill 
:i« fl.isk, fittod with a rod-and-disk fractionating culnnin, the 
.ick and fractionating column lieing fused together. 

Ailer very considerable difliculties, fonnde<l princijmlly mi the 
;>.•! th.il tho ailicon chlorides must not Im exposed to moist air, 
r.i the fact that only veiy small quantities were distilled, at least 
“.•ce di.slinct substances were separated after repeated disi illation : 

i ves'iins, colourless liqniil (3 grams), boiling at aliont l,'')tl'7 
' ; I'.’l a viscous, colourless liquid (2 grams), boiling at alsml 

•' ! ' inm. ; and (3j a white, crystalline solid fit.a gram), which 
diol St alsnit 218°, and distilled at about 2111"! 12 inin. It was 
sliihb 111 dry lieniene or light petroleiim, and could be crystallised 
. 'rc!r'‘in. The examination of these siibstancea is being continued. 

These clihirides, when thrown into water, yield while, nmor]ihoiia 
Jfiuft*. easily combustible, which are no doubt the higher 
cid'igucs of silico-oxalic and mcsoxalic acid. Tlieao while siih- 
‘■.siires .iLso dissolve in pota.ssinm hydroxide to a clear Bolutimi 
*:di the evolution of hydrogen. 

Tie examination of these products is lieing continued. 

There remained in tho flask at least 13 grams of a black, viscous 
’ hke Ur or pitch, which was soluble in ether, iiisoliihlo in 
• * ..ite alcohol, and evolved hydrogen with sodium hydroxide, 
alter product, however, is still undergoing examination. 
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Diittllaiion of SUieon Tetrathloride over SUtfin. 

According to Gatterinann ami Weinlig (/<v. jjI - ,, 
filicon tHrachloride interact a» follows: 

3.SiCI,t-8i = 2.SiA- 

In order to te«t this the following apparatus was emplovnj 


Tut. 3 



lly iiieait!4 of air presMire (from an air-pump) ajiplied (u W 
Chester Inittle F, pure silicon tetrachloride contained thorcui , , 
1h? forced into the weighe«l flask li, wliich is lieate*! on th- * >!'• 
hath. This .Hilicori tctraidiioridp was then distilled from tii«‘ 

// through an iron pi|>e packed with coininercial silicon hr 
into a coarse powder and heated in a Gatt-ermann's Iwmh furiiA.^ 
The i/on tul>e was about cm. long and 3 1 cm, in iin-r - 

diameter, with screwcil on iron terminal caps and coiincclinj' j :• 
the screW'tlircads l)eing made gas-tight by asiwstos packiiis: 7 ' 
silicon tetrachloride passing through the tiilie (> is coii<letiv-<] m : ' 
two-litre filter flask !). By means of an air-pump attaclicri t - ■! 
the silicon tetrachloride accumulated in /J could (after u ' : 
certain clips connected with the e.xit tul>es from the appantl 
forced back up the tulie A'A’A into the reservoir F, and thrinT, 
required, U|i tlie tul)e OV hack into the flask /I, so tint 
silicon tetrachloride in F could l)€ re|>eatedly rlistilleil nwr ‘ * 
silicon in tV as many times as rlesired. 

By means of this apparatus 3 kilos, of silicon tetrachlori'i*' tV'^ 
from disilicon liexadiloride were refMiateilly distilled over sui ' 
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jj liic tub* C, first of aII when the latter was maiuUiiiNl at 200'’, 
IKO *“*''>■ »t 340'. 

lluerver. in no ease were iioticeaUe aiimuiits of OUiliioii hexa- 
found to have been forme,) in the ,)istilhki silnou letra- 

lleue it B proved that, ttie 20 |ht .em yield of disilnoii hesa 
iUted by Oaltermaim and Weinli^ to have heen |.i(alu,vd 
,, the aitioii of elilorine on siliinn at 3tKi dlo- lamld mil |H».,ildv 
,j,e arisen, as they suji|>os»hI, from the action of silicon telrii 
rtonde on silicon. 

Dishllalion oj Siliraii Tflrarhldriilr „,,r A’rrnoK'ieon 

Tlif inweding experiment was repeatcl. the silicon in the tiil«s 
1 , 111 !; now replaced by .lO per lent, ferrosilicon llonevei, in this 
.-cie. also, no iiotiieahle amounte of disilicon hexiichloi'ide could 
i, pruveil W be prialnced when 3 kilos, of silicon telracldoiide 
„re ilislilled over the mass, even when the tubes were lieiited to 
and 340°. 

|l was thouKht that although ordinary silicon telracliloride when 
■i,. idled over ferrosilicon will not give rise to disilicon lics.acldoride, 
irfveftlielefc it might lie possible that silicon tidiachlornie at its 
ir,omfiit of formation might react with ferm.silicon In |iioduco some 
dnilicuii liexachloride. 

The caaiest way to teat this was to pass chlorine over a very 

Ni; length of ferrosilicon, so Hint the silicon telracliloride pro 
iliiiT,! ill the first part of the tube would tlieii react with more 
frttwilnnn as it passed in the vnaporoiis condilion down Ihe tlilni. 
l',.i*s(uriitly, the following ex|ieriment was carried out ; 

t I'iwe of Jena coiiibustiuii tiilie, about 2li0 cm. long and 2 cm. 
lorr. was drawn out at one end and bent at riglil angles. It was 
with a long layer of .ill ja'r cent, feirosilicon in the form of 
1 cuiirse powder, and the tube wii.s placed throiigli two bomb 
larn.iii'S in siicces,sion, and was therein healed In JiKI ,'ill) wliilo 
1 .'low current of dry ehlorine w.as paewd through the tube. Tim 
leialling silicon tetrachloride was received in a distilling llask 
iiriiiifrsed in cold water. 

it was found that when the action conimenced. tiie clilnriiie was 
ir.Mically completely absorbed by the first l.u or 17 cm. of healed 
Urrosilicon, so that Hie eilicon tetrachloride would have every 
(...pirtuiiity as it jiasccd over the succeeding leiigtli,s of ferrosilicon 
i‘! read with more silicon to produce disilicon hcxaciiloride. llow- 
'■'iT, the resulting silicon tetrachloride was found on distillation 
'■o coiilaiii less than 4 jter cent, of disilicon liexadiloride. .Since 
ce average yield of disilicon hexachloride produced by passing 
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chlorine over ihort length* of ferrotilicon conriderably 
it if quite certain that the effect of pa«ing lilicon ttir •/ ^ ’ 
over a long length of heated ferrorilicon is not to m. : " 

yield of dirilicon hexachloride. if anything, it led to i > . 
tion of the yield. 

Tliese eiperinients prove conclusively that the . . 
Weinlig reaction certainly does not proceed to a noticta!,;. 
at low tem|>cratur(3), and that therefore their explanaii-,!. 
presence of disilicoti hexachloride and higher chlorul< * 
silicon tetrachloride produced by chlorinating silicon or frr; ,. 
is inadmissible. 


Action of ('hloriiic on iJisilicun Iff.rachlornlf 

The author's theory that complicated chlorinated Mlii ■; , 
pounds aru first produced wlieii chlorine acts on silicon or 
silicides, and that silicon tetrachloride is formed from ih*^. » > i;, 
further action of chlorine, was now put to the test of 
and it was detinilely |>oved that chlorine acts viyujr.;;.;, 
disilicon tetrachloride (and no doubt still more vigorously > i. i;.,. 
more unstahle higher chloridesj at 300-'3‘10'^ so iW to fpiv.i; 
tliu chain of directly united silicon atoms, with tlie pro<iu>! 
silicon tetrachloride, thus: 

CljSi'SiClj + Cl..= 2SiCI|. 

It was proved that diMilicoti hexachloride burns directly t<> ; 
tetrachloride in the prcseiico of chlorine, the ex|H*rinifU( 
carried out as follows: 

A stream of chlorine (flriod by passing through euiu<-i;ir;»'. ; 
sulphuric acid) was passed into a 150 c.c. flask contairiiu^- ,i. 

50 grams of pure disilicon liexachloride anti heated on tin / 
the U'lJiperatiiro of which was gradually raised Ui 16.)- or 1 
The leading tube of the distilling flask was inserted firmly ihr .. 
a cork at one end of an iron tube, whilst at the other nul p i : 
iron tube there was an iron elbow joint screwed oti, wlui'! *- 
fitted with a reiliicer. A piece of iron ]Hping from this 
into a reviving flask, passing in through a rubber slojijt. r. I ■ 
receiving nask had its leading tube projecting into a ^iiiuLir 
the two latter flasks Wing immerjed in ice. 

Tlio iron tube was conUined in a Gattermanns Ixmih luriM-’' 
the tempeiature of which was maintained at about 3hJ . 

A continuous stream of cliloriiie was now passwl t ' 

apparatus. So long as the tem|)erature of the oil-bath in wln' i; *' •' 
first flask was immersed was not sufficiently high to c.iu.v' s:.-* 
disilicon hexachloride to boil, the silicon tetrachloride was i. ’• 
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10 be [>a*M«g over rapidly into tht receiving flssk. A]m, if 
tube was kept at about UV- 13u- aioi the .liailieon hexa- 
;,i,|e was allowed to distil tliroiigli ,t ,n „ ,tre,uii of ehlorine, no 
^tisuoation followed. If, however, the teiu(u.ratitre of the tube 
tej t at 300-340-", as soon as the va|«,iir from the koliiie 
,„ho.,u hetacliloride, iiiixeei with eliloniie. reaehed the iron tulw 
, i.iM explosion took plaee, a red flame shot luek into the flask, 
ii,e disilicon hexachloride eould be ohseivnl Imrniii.. with , 
flame all over its surface in the atmosphere of chlorine. 
ttHfii the supply of chlorine was checked tlie flame rose ami 
^mt rooixi 'O'* of Hio tube projertjiia into ilie flask throiifjh 
the chlorine entered, the chlorine here Imrnina in an at mm 
c.:,fre of disilicon hexacliloride vapour. Ilense, brown fumes 
^,aiiip,inied the combustion of the disdiam liexacliloride, and at 
v.f ume time the silicon tetraehloride produced as the result of the 
. -huuion streamed through the iron tula', ami rapidlv eollecled 
- iM receiving flask, the liquid being of a dark eoloiir. 

T;.e experiment, however, must lie carried mu with caution, or 
may la'coine dangerous. Although on one oceasinn alKiiil 
.■f.uiisof pure disilicon hexacliloride were Imrnl to silicon udra- 
, role m this manner with only a mihl initial e.vplosioii, yet ill 
. . liar e.vperiment a violent explosion smWeiily oecnrred towards 
end of the operation, the first lla.sk ladiig liiirled with great 
...ance into the sir and shattered with a loud report. 

Tie liquid which distilled over was proved to Is' entirely 

s.,.sm tetrachloride, distilling almost to the last drop between 5(1“ 
C..I and leaving an inappreriable weight of a hrown him in 
. llisk. Disilicon he,xaehloride boils at U.a“, whereas siliroii 
v'.r u'ljl'iri'lc boils at 59^. 

AitiK'Ugh disilicon hexacliloride will (Iiuh catch lire and burn in 
i b!rMiu of chlorine to silicon tetrachlori<le, yet it was jiroved that 
: action only took place at temppraUires higiier than Dm boiling 
:• ;rit of tlie hexachloride. At the ordinary UMuperalure disilicon 
•-Mchlcride does not combine with chlorine to a noticeable pxUmiI. 
This was proved as follows: Dry clilorine from a cylinder wan 
lirst through a wash-bottle containing coiu’enlrate<l Kulphuric 
kc. l, an'l then into a distilling flask conUining al>out L'70 grams of 
: .re liisilicon hexachloride, the chlorine e,scaj)ing tliroiigh aiifilher 
*L*!!U)it!e also containing concenlrate^l sulphuric acid, 

A very considerable amount of chlorine was ol>8erve<i lo dissolve 
n the disilicon hexachloride in the flask, witliout, however, any 
fusible signs of a chemical action taking place; tliiis no sensible 
’■ ('.ition of heat could be delected as the chlorine entered tlie 
-W(, The stream of chlorine was passed through the disilicon 
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f'ih? 

liexachbride for about four hour*, ami the liquid cojit i. . 
diiyiotvH chkrine wa» then allowed to remain for twenty i , 

When the liquid in the Oa^ was heated (being connects if.. 
pur|KMe with a condenser and a receiver rendered moiatur-rr - 
calcium chloride tuljes), on the first application of heat < . 
hexachioride appear«l to boil at quite a low temjjerat .r- 
effect, however, was entirely due to the escape of th.* 
chlorine, and on distilling the 270 grams of dihiicon 
oerUinly less than I c.c. of liquid passed over below 1 
conclusively proving that no appreciable amount of ijii!' ' •; 
chloride (b. p, was prmluced by the prolonged action f ^ .. 

on diHilicon hexacldoride. 

Thiii experiment also proved the very great solulfility of , 
in flisilicon hexarhloride, a fact which does not appear ». 
U^eii noted fwfore. 

Tii«' refractive indices of disilicon hexachloride an l , 
oclaciiloride were kindly determined for the author by Mr |[ i 
Nfttleton. 

Tlie author desires to tliank the Senate of London Uir.v* r> t . : 
a grant from the Dixon Fund which nearly coverc'l tltf 
ex|>ensc8 of the investigation. He also desires to tliank the < j ■ :: 
Soriety for likewise giving him a grant for the same |nirpv 

UniKKM K 
I.oSt'ON. 


(XMvXVll. — JiCitt'ftrches on Silivtm Cinniivnu^i'. /' 
VII. The Action of Iltliyl Alcohul mi // - . 
lle.cacliloride. 

By Geoifuey Mahtis. 

When ethyl alcohol acts on disilieoii hexachloride, 
following nine substances are, theoretically, capable of he:: ■ 
duced, none of wliich has liitherlo been described : 

SiCI, SiCI, SiCl.'OKt SiC’l, 

SiCl.j'OKt Hiei(l)Kt), Hi(’l,-OKt S i(tlEt), S'.r'e'F' 

Oae foTlil. Two forin.. Two forao. 

.>ti(()Rt), SiCl(OEt), Si(OEt)j 8i(OKi)i 

SiCl.-OKt SitT(OEt), SiCI(OEt)j SifOF.i'-, 

One f'lmi. 


Two fonns. 


One form. 
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prodnction of these substsiifes has also ivaaideral.l» 
jj^fSK-al importance, because the chhiriiie atuiiis coiitaiued 
^ia can bo eialy replaced by hydroxy groups merely hv Ireat- 
»:th water, and the proi>erties of the result, m; hvilroxy rom- 
have some interest, as they afford me.a„s of venfvii’i- the 
giior. theory* (U,r., 191i>, 45 , Arj; ; lyi;!, 46, 

united silicon atoms, in the presence of attached oxy-eii 
n.r:3. are decomposed by alkalis with the evolutim, of hvdr.'.geu, 
to the aeheuie: 

I 

f . tK” . o" 

'f‘' -Si- 

• I 

Tsar each direct Si-Si linking c,)rr.>apomls will, the evulutio,, of 
iiacecule of evolved hydrogen. The projwrlies and descrip, 
n „ of these hydroxycomiwunds are best left to a later pi,|aT. 
rie preo-nt paper is confinwl to the preparation and properties 
tie aVivenieiitioued chlorinats-d coin|K>ui,Js. 
lliviiig prepared a conaiderahle amount of pure disilicon he\a 
■. rcio as a starling point, tin* author w,,s ahlt, to prepare ii, a 
cn.htion compoumls of the following formula'; S, 
s.rp''l':'h' ■'^iAv(‘^t:th. Si.,('l(()Kl),, aiid Si,(l»l':i),, 

I; Will he noticed that each id the eulcstancis Si .t’lpi IKt ) 

. ami Sij(.’lj(tlKl), cai,. theoretically, exid. 'in two 

I';a.-,urnlly different forms, llowevi'r, in aeliial piactii- the 

I,|1 to the present was unahlc l<> r„,d more I ha niodili' 

.1 of each of these forms. Hither the two Iilicalimis of 

« !. i„ncly hoil at the .same leniperalure, or. what is mor.' hkelv, 
if,- olioii priawds almost to eonipletion in one direction only, the 
VI o'liliratioM Iming prieliieed in ove, whelming aiiimml and the 
1 'f 1,1 tr.ues, so that it is diflieiilt, to i.sol.ile the two isoiiii'iides. 
"lie carioiis fact th.at appears when alcohol Is adilcd to di.silicoi, 
imriil.inde is the circunistaneo that, apparently, a most vigorous 
S' II •els in, the mixture appearing to Isiil will, the cupioii.s 
‘miitioji of hyiirogen ehloride, Keverthedess, such an inti'iiso cold 
■ iroliic'd that hoar-frost collcchi on the sides of the flask. 


Ii -.i a "f Kiii['iogfl footaotc (tills v«I., p. isii i will, to ilriov iitn'iilioti tu ilic 
*•1 T , j vl.'i, 103, 119) in whii li 1 hav,* dc.ilt in detail wit!, tin' iin usniions i,ow 
' 'Col !.;■ tin,. Will, Kippiiig's suggestim, that natl. i. dimiM rchr to aliil 
;l,« original ]iaprra litariiig o,i the laatlcr at ionii- I aiii in full agm iiiivil. 

I- ogari] to Ki|ij'ing’s statement that my iiri-liininary note (iy,r., 1919, 46, 
* i •«! puhlishcd without hi.s iiermiskion, 1 would |«,iiil inil that ns the 
oir.3i,„u atrt designed and catriral out hy myself alone, Kiii|.i,ig'» inmieniou 
lot fi*ce«ury. 

tuu cv. ,J a 
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ThU i» an example of a eigoioua chemical artion Uki. ; 
with the aljiorption of so much heat that water can easily i* 
therehy. 

The fceblenea* of the chemical forces lending to bring 
interchange of the chlorine atoms of the diailicon hexach!.,: 1, . , 
ethoxy-groujis is also, no doubt, responsible lor the fact ti,,,? 
disilicon hesachloridc is treated with excess of alcohol, suhc ■ , 
of ethoxy groups for chlorine does not proceed quaiitilatu, v , 
the production of ihe comiKiund Si,(OEt)e, thus: 

SLfl, 1 fiEtOll = Si,(OEt), e 6HC1, 

hut a mixture of lower chloridee is forme.!, and the last , 
atoms of the dutilicon hexachloride arc quit* difSrult to lioj ^,, 
by ethoxy-groups, roixiated heating and distillation with ,j 
alcohol lu'iiig nccaisary Iwfore the last traces of chlorine a;,. ,, 
pelled ami the coni|Kiuiid .Si.;(OEl)j is obtained. 

It is true that the first e<)uivalciits of chlorine of the .I:-.,, 
hcxacliloricic molecule are readily displaced by ctboxy gr.ups „■ 
as each successive chlorine atom is removed the displaccrn.-ct , ; 
twds with greater and greater difiicully, so that the suleur... 
,qi,CI,(OKt), ami HuClfOEt), do not any longer funic very , i... 
ably ill air, and are M’arccly acted on by ethyl alcolml ii 
ordinary tem|icraturc, They must he healed with alcohol i„ 1 • 
and above Iwfore any visible action, such as the cvuhito.,: 
hydrogen chloride, takes place. 

The separation of these chlorinated siliruii comi>uun.l» by in 
lioiml distillation in a pure state proved a most dillicull t.ok. 
prolonged and mimoroiis fraclicnatimis being iiccc-,^ary I- ■ 
complete separation of the various cora|ioiieiiU, w.as cftc.i.-.l !■. 
(lillicullics were enormously increased by the fact that iln" 
stiiiices react with traces of moisture, giving wliilc, esph-uf • 
cipitates and causing a turbidity in the icsnlting liqmd. i - 
seiiuentlv, everv vessel used in these repcale.1 fracdionali..,,. . ii 
to Is. Muist caiefiillv freed from every trace of moisture by c«.c . 
wasliing mil with' alcohol, followed by ether, heating a.in.v : 
rwincss ill a luminous gas flame while a current of dry :or . 
passed through the fla-sh, and aflixiiig fresh from the heal.ii; -v 
while still lairly hot to the fractionating apparatus. Omy t . 
e,au ahsohilely Vlear, colourless fluids, free from every tr-oe 
turbidity, l.e obtaiiml. Moreover, in tlie fractionating appar.!- 
corks hail to be dispensed with as far as possible, and for I in r ' 
Ihe long (raetionatiiig isduii.us had to be fused on to the i^.-' 
the union by meaii-s of a cork proving unsatisfactory. 

Knblier corks, after a time, svere attacked by the epo' ' 
coming hard and crocked. 
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di8culti«« »l*o Arose, on Aceuuiil of the corrosive aclion 
ji iW '*** Tlicv set up point ul sines »hii h tmk 

iim* to lie*l, And as in the re|w«leil fraetionalions the lining- 
^ ;,( the veeaels niAtle cuiitAii of tlie lingers unh these lii|nnis 
UBAVoidAble (owing to traeis, adhering to the sides, ete, of 
vessels), it was found highly Advts.ihle to prutis-t the thnnili 
ijd sneer* with indiaruhber coverings. 

In the following toble are coinpaiwl the physiial pieiu'ilies of 
•nf diSerent menibers of the series : 


Ut’frtu-tiN .* 

lUtilinj; {kukI iinicv 


Sabs(wt»ee. under 34 inin. 

Di'iiftiiv. 

III hti 

ifi. 

■SlCI, 


1 ati24‘^ 

t 4:4s iU IS 

sgddOEi) 

Hi 


1 4’inS 

.. 14 

si,t1,(OEth 

IU4 

1 27«;* 

1-44:12 

.. I4'a' 

.Sui-MOEt), 

122 

1 hi3» 

1 4:u:t 

14-;. 


— 




,Sgi1((lKt)j 

las 

1 (m*2;= 

i-42o:) 

.. 14 

Sl^OKt), 

141 


l'4i:t4 

.. 14-:. 

All! lie teen that 

as we pr(x^<' 

d down the 

series 

from f 

i.lOKtl,. there is 

a progressive 

increase in 

the V 

aliie 111 


■».«iuijij jKJJuU; th^ iiulistitutioii of si o)ilorui<* al<'m in 

411 fthoxy f'roup causes an iiicrf.-tsi' in ilio point of 

;3d- iU mm., but the aiKvmive «li^plan•tln•^ls of ihlorino hv 
ededa a rapidly diiimiishin;; value in tin* liso of (In* Imil 
jMUt, until finally, the hi>t two iiietolHus of iho scrifs, iianxdv, 
ami Sio(UKl)f,, l»oii at in-arly the »;iiiit' U'lnpfiiitun' 
fifar together, in f.ict, that it is ditlu-ult to si*par;»tt' nii.\tine 
‘ thfw two isuh.staiice8 !>)' fi.adioiia) <liHti!hitioii. 

Tbf >.iine gradation of pliysiral propcriioN is upparont vsIomi tin* 
'".Aitifs arc compared. Thus, whilst ilisilu-oii hrx.it'hloiido has a 
i'livty of 156, hexaetlioxvHilicocthai c, Si,(t)Kl), (^I) iillf), is 
1 lui^lly lighter than water; the intcrniniiate iMioiilaTs of tin* sorios 
intermediate values. 

Kxhkhiiikntai.. 

’siine preliminary experiments wore first made. In one lase 
gMiiiS of disilicon hexachloride were treated with about i<Hl c.c, 
? ‘‘liiyl alcohol (99'6 per cunt.), and in another case 21 grains of 
■'•liicnn liexachloride were treated with 60 c.c. of ethyl alcohol, 
hi each case a vigorous action took place, imich hydrogen 
' *i‘TK!e was evolved, and the Inpiid Itecame so cold tlial tlie jiasks 
-tuning the lujuid became covered with ice, wliilst a thermo- 
-'■E'T plac-ed in one 6ask regi.Ttercd -9“, Two layers of lifpiid were 
'<^rved to form. 

•^Jter distilling over tlie excess of alcohol the residual oils dts-om- 

9 A 2 
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poMd on dijtillatiou undor the ordinary preaeuree, the 
tiaing rapidly to 200®, and dente brown funiM appeared in p 
and a brown mase remained beliind. 

Under dimimalied preaaure, however, tolourlese oils dk : .,i 
without decomposition, but they were evidently uiiitur.,, , , 
under 15 mm. pressure some liquid distilled at 65 — 96 ', I ut ,■ , 
75 iier cent, passed over at 110 -H5'’/15 iiuu., after a..; , 

thermometer rose and a small quantity of liquid distill,.! . 
170— 1WJ“/15 mm. 

Attempts to fractionate these liquids showed that they . j 
Ilf comple.v mixtures of different suktaiices, and that when ,j, . . 
tie.<achloridc Ls treateil with exct« of alcohol the actiun , . 
[iroceed quantitatively, thus: ShCl^fCEtOn-Si-fOKt,!, , jii 
hut leads to the production of iiiterincdlate clllorinateil pf, ,i , . 

very condderahle quantity. 

All these colourless oils contained chlorine, and when tl.r,,a,i ,. 
water they prmluced white (ireclpitates, which dissolveii on u iiii,,. 
(hill not ill theeold^ with .sodium or jHitassiuni hydroxides i.. 
evolution of hydrogen. They also evolveil hydrogen with aiini,.,M., 
When thrown into water, however, the change from an i-n n , 

white solid took some little I and no heat jieroejitil h- t,. n , 

hand (although percept i hie to a tliernioineter) was evolved. 

When exposed to the air in a dish the oils became tr.iii-fi [i:,, 
into transiiarent, solid gla.ss'S, whieh also possessed the p. a.r ,■ 
dissolving iii warm polas.-iiiiii liydro.xide with the evolui: ii 
hydrogen. 

That it was almnsplieric iimUliire (and not oxygen) il,,l , 
verted the oils into glasses on ex|iosiire to air was inovd ly ’ 
fact llial when equal q laiititie.v of the oils were expo.sed lilt i. 
air ill a desieeator (over sillphiirie aeid), and (2) to the m i i 
moist air oiit-side the desieeator, it was found that only the sii!:. ■ 
e.xpo.sed to the moi.sl air outside the desiccator exliihited tins s 
fyiiig effect. 

These preliminary experiments jiroved that the iietinii .1 ii 
aleolnil on disilieoii hexaehloride was no simple one, and ti c 
order to isolate pure jirmliiets eoiisiderable quantities of di-. . 
hexaehloride would have to he treated with alcohol, and tie r. - 
iiig liquid very earefiilly fractionated. 

Aecordingly, in all, some 600 grams of disilicon hoi.! ' m ■ 
were treateif with ethyl alcohol, and the products isolated 
many iiniiiths' fraelional distillation, as described lielow. 
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rtffUifhlorofthQXj/tilifii-^thitfif, SLCI^-OEt. mui TrtroMmi^ 
dutf»<i2ynlicv'fthu»r, SuCI,(OEt U. 

£ jiiiyfour grama of disilk-on hosaihluridt* (1 mol.) wi-ro plac^l 
i i!ask with a reflux comJt‘iis<‘r, .iiul I'l jjraiiis j^l 05 mul.) 
; fOivl alcohol were gradually run in (with coutinual shaking) 
ihr. ’.u'h a itoppered funnel. 

A vigorous actiou took place aa the alcohol entcrcil. nnich hyilro' 
/Jilorida was evolved, and the litpii<l in ihp ihisk U'camo 
yellow and very cold, so that ice was dcjkisnod on the sides 
. containing flask. A few drops of an orange coloured lujuhl 
ilirarnl to float on the surface of the liquid in the flask, 

Dji heating, however, under a reflux condetiMT on the water 
U\h lor one hour these orange colourcil ♦Irop.s gr.nluallv dis.ip 
..rjrvd, the liquhl finally (tp|M‘aring almost ndourless. .\fter leaving 
the liquid was (listilled under diniiniblnkl jtresMire, using 
» Y iiiigs lOroflanddisk fractionating column fused on to the 
i.udimg flask. 

ll- «ever, a great many fractionations judveil that llie fraction’ 
jMig column used was nut eflicient enough to s<‘para(e sliarj>lv llio 
components of tiie mi.v1ure, and it w.is ,\\^> evident (hat 
.r^'f qiiiiiitities of inalerial would have to lx* eniplcvivi in order 
: . ■ iitain (luro products. Four main fiactituis were isolated : 

l.--Up to ;;.5 mm. The lirjuid }>oiled fairly cou 
c tiuiv at GO- 05*^ do inm.. then f(»r s*'me time at 75 ' 55 niiii, Tim 
: rnm-meter ros<' slowly to 80^,35 mm. 
yf'if'i'in 'J. - 80 - lHl‘\ 35 mill. The hulk passed ovi-r at. Sll S7 / 

' . ifiJii. 

fr.ii'inii 3. “90 lOO*^ /35 min. 
ynrfioti 1.— '100--U0'',35 mm. 

The experiment was rcpoate<l three (ime.s, using the following 
;.iiitilic.s : (I) 101 gram.s nf disilieoii liex.iehloride and 'Jl grams of 
vi .iholiol. (’J) 100 grams and 31 grains respectively. (3) 10,5 
:ind ’2‘2 grams re.spectively. This in.ikes in all ahout 31M) grams 
• ! 'ili'ou hoxaehloride {reate<l with 7‘J grams i tliyl alcohol. 
Ku'h (if these fraclion.s was then fraetioiiated, using a Young’s 
r -l ami-disk fractioimtiiig roliiitin. with the result that then* 
»*r»' filially obtained, after a very proloiigcMl series of fractiona- 

di A colourle&s, fuming liquid, lK»iling at .5o 5'J"’/35 inm. and 
: 1 13G' 7t)7 mm., which coutainefl silicon and i lilorine, hut was 
■ ' 'l:>ih«'un hexachloride (wliich boils at 145'‘/7riO nun.), Tim yielrl 
»d. iiowever, only 8 c.c., and it was certainly not pure, so that it 
*44 not further examined. 
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Hitr tu 

(2) About 17 c.c. of a fumlug, coloorlm liquid, Iv .; 

59”-6P,35 mm. and H4— 146®/ 767 mm., which was ^ 

diailicon hexachlonde. 

(3) One hundre<i grams of a colourlm, mobile, fumitK* 
b^dling at S3’5— 84’5® 34 mm., which was pentachloroeih. 
ethane, SLCl^'OEt (see below). 

(4) Fifty-four grams of a colourless, fuming liquid, 1/ ; . , 
104®, 35 rnm., wbkii proven! to be tctrachlorodiethoxysiliM.r! 

(5) Alx)Ut 155 grams of residues separated from the vif 
fractionations in isolating the fractions (3) and (4). 

Since both the liquids (3) and (4) boiled constantiv, m > 
efforts to alter their Imiling points proved unavailing, lUv 
analysftd as follows: 

The liquid was introduce^! into a weighing bottle (without ; 
ittg the rsidcH, etc., of the latter) by means of a small pi}H‘t(<- ", . 
With a rubber teat, the stopper quickly inserte<l, and tis.* . 
weighed. Water whs then ijuickly intro<luce<l into the 
lujltle in onler to «lecotii|)ose the chloride. The while w»liil 
appeared was 11:4 (reate<l with concentrate<l anunonu * 
caus<H| the evolution of hy<lrogen, arul thus loosened tlie pr.>ij.(.-, 
adhering to the »i<les of tl»e vessel), and the liquid and prn 
were rinsed out into a Ixraker and wanne<l for some iniie . n ! - 
water-bath with a little ammonii until the effervescence «,if liv lr : 
(•ea»*d. The liquid could be then either acidifityl with iiitr:- 
aikI the cliloririe eslifuativl by the Volhard mellio-1, ur ; 
neutrali.sed witfi nitric acid, and the chlorine estimated l.v t:tr.‘ 
with .V l(t silver nitrate, using potassium chromate as itidicAi. r 

In llio present caso'the clear liquid w.rs fjllerwl from ilie pr^ 
tate, (he latter being well washed, and the liquid was m-'itn 
witli nitric acid, rinulo up to 250 c.c., and titrated with .V Pu;; ,.- 
nitrate. 

(.3) (b. p. 8.3 ")- 8 -I '5® 35 mm.): 

0 5910 gave CM~()3'7. 

C.,HiO(’I,Sk requires Cl = 63 6 per cent. 

The liquid, therefore, was practically pure pentaclilor ♦t:, );■ 
sibco-ethane, SkCl;i*OKt. 

iiiluift (4) (b. p, I0t®;’35 mm.): 

n'8990 gave Cl = i9'7. 

^Si., requires Cl-49 1 per cent. 

This liquhi, therefore, nee<le<l some purification. It was tr' ''’'-' 
wit h a very small amount of alcohol to remove the excess of rh:- :: " 
and the liquid was again fractionated, the first and last j" r!: » 
of the distillate being rejected- The liquid finally obtained, wi.. 
boiled at the same temperature as that given above, was fyun : t. 
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^uin Cl=49 2, And bo was prActically puro loIrsi’lilurtKlipIlioxV' 
jisrt><H;hAne, SijCl,{OEt\.. 

l‘,::!athlatotlkux!fitir<t^lk,>nf, SiXlj-OEl. is t imitiile, toloiirloss, 
taffit:!!: liquid, boiling at 835-84 5- 35 nmi., having ll* 1 38$ 
js-i *^5** l'35b8. It does not Bolulify wlien iininerstsl in a freeiiin^ 
j.ijture of ice and salt. When expose.! to moisture it is .onverled 
^,0 a whit* lolid, which can tie made to explode hv lon. liing with 
, Ut gl»«» fod or oven by brushing with a test tide l.rnsli. A full 
iesttiplion of these explosive hydroxy .leriv.itives is nnivrve.i for a 
liter Jiaper. 

J,ir,wklonxtittkoiy$iliru rlh,,nr, SU'l,^^)Kli., is a nu.hile, loloiir- 
fuming liquid, tioiliiig at 104‘’ 31 mm., and having It;” 1 3T0 
iB'i «;!’ I'‘tt32- It does not freexe when ininiers.sl in a inixtnro 
.1 ne and salt. It is decom|Hised by water to form an explosive 
shite liydroxy-compoutid. 

The preceiling results prove that in general when one equivaleiil 

i .licoiiol acta on disilicon hexaehlori.le the re.i.tion by in 

j.nwls quantitatively, thus : 

SL(.'l,+ Ett)I| : SU'l.-OEt . lU’l. 

.Mlliuiigh pentachloroethoxysili.-oethane is the main ).rodinl, a 
,trv viinslderable ammint (more than 30 per cent.) nf telra.iiloro- 
iietlioxysilieo^thane is produced at the .same time, and the voiise 
.jiKiiee is that, some free disilieon hexachloride is left iincninliined, 
Jii.l r,tn actually lie separated from the mixture by fractional 
n.iillaliun. 


Tnchlurtit rift hu.ry.ultt‘ti f , Si .t’l jt )Kt ) ,. 

Krmii the previous dislillalions there had accunmlaled about 
l i'i grams of residues, coiisisling mainly of a tnixlure of penla- 
i.l.foetlioxy- ami telrachlnriKliethoxysilieo ethane, togidlier with 
sine trielilorotrielhoxysilicoadhaiie and similar jirodnel.s, In order 
convert this mixture into tlie trieliloroderivalive, 5,5 e.e. of elhyl 
•i'l- .|)ol (99 8 [)er cent.) were gradually added and the inixUire eoii- 
u.ii!iiy shaken, and lieated on the waler-hath for one hour. As 
liic ethyl alcohol entered a vigorous .aetion ensued, iiiueli hydrogen 
■ bride was evolved, and the flask tieeame very eold. After leaving 
■ eriiight the liquid was fractionated under dimiiiislied pressure, 
asing a Young’s ^O-rod-ambdlsk fractionating i-olnnui ftnw-d on to 
iiie distilling flask. 

Only a few c.c, pa.ved over lietween GO"' ami 11.5"', iia inni. At 
lla IIC°/35 mm. the thermometer remained eomstanl nnlil ahont 
I" la c.c. of liquid had distilleil over. The hulk of llie liquid 
fassed over between 123® and i25®/35 mm., about HO e.e. being 
tcre collected, and the thermometer then rose to 130— 135°/35 mrn. 



2)i6S MiBTIX ; BESEABCffES OX smCOS COMMCSDl r sk! . 

On cooling, the recidue in tb» iUik wlidified after ■Unib'-., 
night, forming a dirty grey ma«, whkh melted whcc 
heated. 

The variouB fractions were now subjected to a prolf,ii,;»,j 
careful series of fractionations, whereby there was iK»ia!„{ 

60 grams of a liquid Iwiling constantly at 123 — 12-1° So 

0'5741 gave Cl=35'6. 

CjHnOjCIjSi.) requires Cl = 35'7 per cent, 

Triehlnrntntlhhx^iilithtthaae is a colourless, fiimi.]^ . 
boiling at 123— 124°/35 mm., and having D? l li':) ,,,, , 
r4333. It does not solidify when immersed in a freerin^, 
of ice and salt. It is soon decomposed by atmospheri.- n. ,v ,, 
yielding a white, explosive hydroxy-compound. The 
strongly on the skin, causing deep and painful wounds, . 
not readily heal. 

Allrmiil to tmtnfr DiMorotrlrarlhoiytiVieu-rlhime, ,Xi.,('! ,i q;. 

From the previous distillations there had accumulatfd ■ 
111 grama of liquid, largely consisling of trichlorotri'-ih' 
ethane, together with some tetrachlorodietlio.sy- and dii hi r i-t 
ethoxy silico-ethane This ini.\ture was placed in a flask, wi I d • 
(10 c.c. of ethyl alcohol were run in with constant shakni),'. M .. 
hydrogen chloride was evolve<l, and the liquiti liecame civ , 
The mixture w.as then snhjecteil to fractional distillation, N. ,- . 
all pasaed over liclweeii 1.30° and 137°;'33 mui., the hulk 'li-'i . , 
at 13I-132°/,33 mm. 

After prolonged fractionation a colourless liquid w.cs i'dc. 
boiling at 132— 133°/35 ram., 121°/23 ram., 1IC'’;1S niin,, . 
110°/ 12 mm. 

Nearly 70 grams of this liquid were isolated, and this w.is * 
by analysis (Found, Cl = 17'3) to he a mi.xlure of dichh r i.”, 
etho.xy. (Cl ;23 0) and cliloropentaclho.xy.silico-ethaue (l1 I! , 

The mixture was subjected to prolonged fractional divtii:,!' 
whereby some of the first fractions had their chlorine . !,•■ ■ 
raised to 18’7 per cent. However, it was not found pn-iib • 
obtain diclilorotetraelhoxysilico-ethane, Si._.Cl(0Et),. in ,i i •• 
condition, the Iwiling points of the mono- and di chloro .hrn iM-i 
being so close together as to make a complete 3ep.aration of i* li; ' • 
fractional distillation alone a matter of considerable dniivu!',', ■' 
least with the small quantities available. 

Chloroj/fiiliulliiij-ytilien-rlhniie, Si,Cl(OEt)-,. 

With the object of isolating the above comimiiiid, .som* i 
residues and fractions from previous distillations, amounting n> • 
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„ ikut 66 gr»nu, were colleete.! uid place,! in a flask, and alwut 
J franis of eUiyl ateoliol were added. On adding the aleohol, how- 
fitr. apparently no action took place at the ordinary temperature, 
liquid becoming neither sensihly hot nor cold l<i the hand, nor 
,ii inv visible Mtiount of hydrogen chloii.le evolved, tin heat- 
^ i.oweyer, an action set in. some hy.lrogen chloride Iming 

]. thus evident that as the substitution of tlie chlorine for 
.dory fbc disilicon he.y.ichloride inohvule pnceisls, the 

^•noB take* place leas and K-ss readily, suhstauces hke duhloriv 
bftrfilioxytilico-ethane not lieing nnti<ealdy acted on hv alcohol 
ihe ordinary temperature, although this action takes place 
rteiilv enough on heating. 

Iluniig the distillation, however, the lla.sk, while being healed 
I metal bath, burst, and the lii|uid was lost. 

X ircsh attempt was therefore niaile to isolat,, ehlorojauilaetho.vv 
,,.:foclliane by acting on disilieon he.yachloride with the llioorclical 
i.'miiiit of alcoliol. 

Piojicon hexachloride (1116 grams: 1 mol.) w.cs phnxsi in a flask 
ireated with 99'8 ethyl alcoliol (1:11) grams), Dydrogen 

dJatide was evolved, and the flask old. The" ln|uid, 

liter lieiag heatoil on the walerhalh to eomplei,' the aclioii, was 
luftc'iially distilled under diminished piessiire, the healing U liig 
,;rr:isi aid on a metal hath. After alioiil .sii grams of a lii|nid 
. Os,’ at I Jd 1.1 mm. had dislille,! over, and while the 

ids ass nearly iialf full of residua] liipiul. a violent, e.yplosion 
■•t pl.ice, the fl,iak being sliattere.l, and the fragments hurled 
-di. illy into the air with such foree that an iiidenlation was made 
liie Iniril plaster on the ceiling, I or .'i metres above the working 
••!)( il 

Ti.'- < ni|)lavinent of a itu'lal IkiIIi. Ilien^forr. ff>r lifsiliu^r iIh* tlank 
ti jt ir.ll in<i*ivisal)lt*, as 1 Ih» <*xp!oMoM |«iviililv arosi* from ovi'r 
'dinii: till? residues of high hoiling point h-ft in llm llnsk. Ah 
» ; i**' ^lii)wn ill n 8u]>w?<nu'iit pnp‘*r, niHiiv kiMopuuinlH fimlainiiig 
*. ‘ill ittoms {lircctly uniU-d are <‘.\p]osive nndiT eorl.iin roinlitionH, 
hi ■•!! the subserjuent ilistillalions tin* ll.usks svero liealffl on oil- 
' «h.\ ilie tem])eratures of whirh were* rarofully ('ontrollcfl so as 
ivititi overheating, and with this jfreraution no furtln r exploeioiiH 
rm-t with in the course of many .snl>sefjneul dislillatioiiH. 
liie [iinctling experiment was oiiw more rojK-aUxl, with prirau- 
- 'll lii'.ainst overheating. Disilieon hexaclihiride (l.'tS grams) was 
r ii>'i m a flask, and jier cent, ethyl aleohol (lliO grams) was 

added. Hydrogen chloride was evolved, atid void ^a.** 
The liquid was then heated on the water-latii for one 
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hour uatil th« CTolution of hydrogon rhloride had ccaseii 
flaak and ita conlenti wore allowed to remain overnight '' 
The weight of the contenta of the flaak after the ei 
hydrogen chloride had ceaaed waa 167 grama, lo that 1> 
of diailicon hexachloride had yielded about 167 grams oi ■ • , 
and loat 91 grama of hydrogen chloride. 

According to the eriualion Si;Cl, + 5ElOH = SijCl(OKi . j), 
138 grama of diailicon hexachloride should give 161 -j,,, 

chloropentaethoxysilifo-ethane and lose 93 grama of i ,j. 
chloride. 

The numbers actually found agree sufficiently closely sc! ,. 
theoretical lo make certain that the action had taken pl i,,^ 
quantitatively. 

The Ihiuid wa.s therefore fractionally distilled, the fr.i,i 

flask Iteing irnmerwd in an oil-bath, the lemjterature of «•, ,! ,, 
not allowed to rise altove 17.0° in order to avoid the !l;i;..vr 
overheating. 

After about h’ll grains of liquid had passed over bcla.vi; ; 
and K'0°/l.6 mm., the main fraction of 112 grams p,i..,-i 
Imiling very coiistaiilly, between 120° and 123° 1, 6 imn. In ... 
flask remained about 2.6 grams of residue of higher Iwliiig j. 
The main fraction, hoiling at 120- 123°ll.i mm., was ii.,* .i/, 
jected to frartioiial distillation, using a Young's 20 ri«l .m l ;;.i 
column fiiseit on to the distilling flask, which waa heatvil m ,l;. 
bath to about 160°. There wa.s thus obtained a fraclioii b.; ; 
very constantly at about 121° 1.6 mm. 

However, the sulistanec was certainly not quite pure, a rhi i . 
determination, carried out as previously described, using iliii.r- 
ae indicator, giving t‘l--t20 (Calc., C1--11’2 |ier ceim, I " 
sequently, the excess of chlorine wa.s removed by adding ,y , 
little alcohol to the liquid, and then subjecting it to fracti. n.il . : 
repeated distillation, neglecting the first and last part' cf ; ' 
distillate. 

There was thus obtained the main bulk of liquid, wliicfi. 
three successive fractions were taken, alt boiled .it tiio ' 
temperature of 126— 127°/ 19 mm., and seemed quite (mre 
A chlorine estimation was next carried out with caili . i 
three successive fractions, and gave, respectivelv, <'1 b 
C1 = 11'2, CUIM. 

There is no doubt, therefore, that the trahstance was fairly y." 
chloropentaethoxysilicoelhane, which requires CNll l’ |>cr f ' 
('hhropfiitarlhoj-tfuihrit-rlfiune, Si.,Cl(OEt)-,, is s 
liquid (l)i' l'U92, «U’ 14205) which does not fume iioticf-il'r .■ 
tie air, but on exposure to atmospheric moisture gives a 
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^phou*. w^lonve hydroxy-compouiid. Tliv liquid does not 
«)>»» immersed in s freeiing misture of ire and salt, The 
points were deterinineil euniler different pressures, as 


iiiicsr* : 

13 nun. ISinm. 13iitm. lUttnn. ISiiini, ^Onim. mm. 

[jyinS 113' 1-0’ I'il' I'j; l-_»4 |.>y* 

* *3 miiL it inm. 27 mm. 30 mm. 32 mm. 3ti jimi. 

iioiul 133 131' 131 130 137 13ii ' 


Hfiffttthazj^tiiifu-fthtttir, SijtOKlij. 

.tUnit 151 granu of I'hloruiientaethu-xyailiiiveiliane, pre|Mii-d as 
j^iotisly described, and boiling at almut I'.’il p.’i ■ i ,3 „„„ 

;o«d in a dask fitted with a reflux nuidenser. On adibng about 
J_ ff. of ethjd alcohol (1 inol.). no visible acli.iii .i|ipeiire<l lo l.ike 
-„e On heating on the oil-bath, however, the evoltilion of 
triifiaieii chloride begati at about ltltP\ ami bee.snie (|ntt<* vigorous 
,h*n the temperature of the oil-hath reaehwl llti I’.'il . showing 
,,i,t the action, SijCI(OEt)iH EtOII SyOEl )„ i llt'l. wn.s iiro 
.eelins. 

Dn distilling the liquid, wliieli passed over for I he most part 
ietseeii 1-0® and 1-4®. l.u mm., no aleohol dii*tilhsl over, so lluit 
ihf sl’*orption of aleohol was eumplete. lluwever, a little ehloriiie 
• u jiresent in the distillate, ami in order lo remove this about 
J'cr. of alcohol were adcle<l. and the li•plill was IumImI ou the 
Slier bath under a rcflu.x condenser. The excess of iilmlml eoiild 
te ilisliiH'tly seen ilislilling up the eoiuleiiser. cniuieiisiiig. iiiul 
ir.pi'iMg hack on the liquid in the ll.isk. so that excess of iileoliol 
«i, rerlainly present. 

The aleohol was distilled over, amt in il was fmiiid a pereeplililo 
iiiwmit of chlorine. Tlio liquid was iherefore re|s'iitedlv boiled 
iitli aleohol. the e.xceaa of aleohol being distilled off each lime. U 
i«» found very ilifficult. even when excess of alndud was repeatedly 
■r-.-oiit. lo expel every trace of ehloniie. proving that the above 
■'jilioii by no means readily procwds lo eoiiiplelioii. 

However, there was finally nhtained a rcdonrlesa, 11011 fuiiiitig 

pud boiling at 123® l.o miii., which, after rejieated fraetioiialion 
>;lh a Young 20-rod and diak fractionating roiuiuii fused 011 to thn 
uuiiliiig fla,sk, w'as found to Im free from elilorine. In analysing 
los liquid, the silicon was estimated by heating souie of the auh- 
eanre in a platinum crucible with eoiieeiit rated siilpliiiric aeiil, 
piuting, and weighing the resulting silica: 

gave 0449‘J CO- and 0'23ri4 11,0. C 4,3 8; If 9 4; 

Si = 17-2. 

1 1381 gave 0'4120 SiO,. 

requires C-44 07; 11-9 2; ,Si- 17 3 [ler cent. 
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Hti-fitlhox^nUett-tlhant U & colourlflii, noB-fuinin^ ■.{' 
does nut lolidifjr in a freezing mixture of ice and ult |, ' 

123^'/ 15 mm., I32®;24 min., 137'5®/30 mm., and U1 , 
and ha» I)J‘ 09718 and »1,“1’4134. The boiling point, , 
very clone to those of chtoropentaethoxyzilicuethane. It , , 
on by alkali, with the evolution of hydrogen. 

The refrtctive indices recoriled in thia paper were ku, i v 
mined hy Mr. II. R N'ettletoii, at the author's request 
The author desires to express his thanks to the Rcm ,, ; } . 
Cunmiittee of the Chemical Society for a grant whiih . 1 , 
small part of the cost of this investigation ; also to the n 
laindon University for a grant from the Dixon Fu. 4 ,. 
defrayed the main part of the expenses. 

Iliextiscs ('oi.Lr.us, 

I. 0 .M 10 X, K.t'. 


(.'C'liXVIII.— 7'/(e Isomerism 0 / the Oximes, /'o,? 1' 
[hDiiiiellii/laoHnobetiznliioxime. 

I{y OsiAu Li.hi.k K»ady and Fiiedkrick Pkiiiy I'l ss 

Althocoh /Kliinethylainiiiohenzaldoxime, 
has l)ccn d**»c.rifK'tl (Ktioller arul BDCHsiieck, Uer., 20 , . ' 
it lias not l>een from the point of view of tiie 

Werner hypothesis. 

As this compound contains no possibly labile hydr"L:t ii it. • 
the pnra-sul)8titutin^ group it would be e.xpected to exi't ir. ’ 
two isomeric forms, nnti ami syn (compare Brady and iMi:.. , 
vol,, p. S‘dl); indecil, as the basicity of the sulwtitiitii!,' jr 
seems to iMiliienco the stability of the two isomerides, it v 
possible tliat the oxime prepare! from /Hlimethylamii.^il'iri. 
liyde by (he usual mctlioils would be a fyn-derivative, fr, if i; ^ 
sf/^f-isomerido would be readily obtained from it, aii-t w 
more stable than is usually the Csise with these coMip''in'.'l'. A 
tiona! interest is added by the fact that no bcnzahloxime (< r;' » ■ 
a basic group .as a substituent has l)een obtained in twti > 1 : 
forms; indeed, eompounds of this class have been little stu 
As regards the preparation of a syn-derivative of this (’ !;■! ■ 
the authors’ expectations have not been fulfilled, aud 
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^#ni«Uoxmie murt be ad.led to the «im,lerable uuiuber of 
aldoiimra that appear to exist only in one form. 

I'M I iiuie M ordinarily prepareil by the a.liou of hvdroxvUmiiie 
j^vyUoride on the aldehyde in the preseiuv of sodium caVbonale 
iii, ■••ubUdly the o«(t-oonfiguration, sime li vi. lds an aeelyl 
^,„u>e and not a nitrile on treatment w.tl, molie anhydride 
edmm carbonate solution. This a.etyl deriv.ilive yielils the 
oxime on hydrolysis with alkalis, 'llry hydroo,.,,' .-hloride, 
.MO pissed into a dry ether or chlorof.irni solution of the o,\ime, 
,„,.|.!la!e3 a hydrochloride which regenerates the original oxime 
g nrairaeut with sodium carbonate solution. Under the sIkivc 
«,,. iilm!!3 the oxime unites with only one molecule of hydrogen 
rt;.T!.ie. aud it was possible that the acid was attached' to 'the 
lij/lhilimino- and not to the oximino-group, a fact which would 
n-.uiil fur the failure to obtain a syo-oxime. Support is h ut to 
o'Dtiugency by the behaviour of the O-methyl ether of pdi- 
Mtlivlmiiiiobeiiialdoxime, which readily yields a hydrochloride 
,, :er smiilar conditions, differing in this respc<-t from tile 0 luetlivl 
serr i.f oximes which contain no Imsic sulwtituciil in the lamiene 
(to tlie other liatid it is noteworthy that the livdroeliloride 
; liis dmethyl ether, in which the hydrogen ehloride is urn 
;.,,i,ledly attached to the dimethylaiidmegrou|>, .iocs not evolve 
,Ur..ceii chloride at its melting point, wh'creas the hylrochloriilo 
‘uuii'l from /MlimcthylamiiiolHuizaliloxime resemhles the hydro 
.rides of other oximes ami suffers deeouiposiliou at its iiiellirio 
■ ail owing to loss of hydrogen chloride. '' 

,tii attempt was made to overcome this ditliiulty hy preparing 
e hidrcchluride directly from the aldehyde and hydro.xylainiiie 
: it.ildoriile in the ahsenee of alkali (lleekmanii. ,Ui„„lni lun!) 
IW, jul) ; 


.v.Me-cjtgciiOt Nii.-on.iiar, 

NJIegtyi.-tTllNOll.llCl i lU), 
liiis inetliod yielded, however, a hydroehloride melting at the 
I f leinperalure as the hydroehloride obtained from the oxime, 
' I this hydrocldorido gave the «o/ioxinie on treatment with 
■omii carlwnate solution. It is possible that by this melhod the 
.mo-liioride, NMR,-CV,n,-Cli:NOIl,llUl, is first formed which is 
■'ll dfcomposed with the formation of tho hydrochloride, 
HCl,NMevUcH,-UIi:NOH; 

seems, however, unlikely, although the hash: nature of the 
i.i.iiiogroup is much loss marked than timt of the dimethyl. 
^ir:f>group. 


‘^'P^'’*}/lcarbamyl-j^’dimtthyIaminobenzai(ivximc lias been [ire- 
and like other dipheuylcarbatnyl derivatives of the aromatic 
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aldoxitnc* hu th« a^n-configuratioii, jielding aa hvir ; 
diphenyUmine and /MiiiDcthylaminobenionitrile (coinjai, h/ 
and l>unn, T., 1913, 103, 1613): 


NO-CON Ph, 


NMvC,H,-CN + NHPl., + (,, 


VftrhaHi{'ino-\uhmrthyUiminohtnzaldo3imt, 

N Me.,0,ir,-Cn:NOCX)-NHPh , 

ol)taine<l by the action of plienylcarbimide on the (nin,, j. , 
eajiecial interest ai it reaemblea carbanilino-m-nitrobenuM' 
that tlie coriifiound 6rst obtained, on boiling with alcohol, 
to an isomeric compound of higher melting point, which sccim c 
to 1)0 a carbanilina-uxiine. Up to the present there has 1,^^,. , 
satisfactory explanation euggested for the existence of tl.f i,.., 
carbanilino-derivatives obtained from the m nitrobenzalt. ti,, „ 
two from the unti and one from the ly/i-compound, Thv .on!. :• 
have t>eeii engaged fur some time on this question, which ai:l f ;• 
the subject of their next communication; for the present it 
1)0 suflkient to state that the carbanilino-derivative of /e>ltiN(-t),t 
aminolienzaldoxime as prej)are<l by the action of plienvlcarhni,, t. 
on the onfi'Oxime is the syroderivative, and gives on hv In li).) 
/eilimelhylamiiiulienaonitrile and aniline, whereas the ppHltnt t 
higlier melting point obtained by Imiling this compmin.l s.!- 
alcohol is the otifi compound, and on hyilrolysis gives ainliii" 
/Hlimethylaniinobenzahinxime as its main decuni|H)8itliin podti.'i 


NMe,'C,ll,-C’H pti xio 
HON ^ 


NMe,-C,H,-L;H 

NO-CO-NHl'h 





NMe,-C,H,'CH 

NHPh-CO-ON 

CarbaiuluKi/p-dimcthylaiiiinO' 

N'UiiTi^iuIdoxim#. 


NaMe,-CjH^-CN 

ff-DimotIkylaminp- 

U'uzouitnle. 


Experime.vtai.. 

Tlie y^(^ilnethyL^mi^ol>e^z8l(ioxime em|)loyed was jirejMrr-i 
Knofler and BtH'ssneck’s metliofi (/or. r^^) by boiling a ini.vt ir*' 
the aldeliyile, Iiy<lroxylaniine hydrochloride, and anhydniux 
carbonal-e in equivalent projwrtiona with alcohol uinler a rv:..i 
condenser for three hours, and pouring tlie product into wilt-r A- 
however, in tlie authors' experiments the oxime separated ‘ 
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solid on stirring the aqueous emulsion, it was removed 
j^ shritiou instead of extraction with ellitr y\fter recrysullisa 
^ from alcohol the oxime melte^l at 144-^. 

The oxime was dis- 
m acetic anhydride, warming very gently, amt left for 
niiiiutea. A bright green stilutioji was thus obtained (it 
ie noted hero that this itdour is verv generally met with in 
with dimolhylaminobeuialdoxime, an.l is probably due to 
litict of some oxidation prculuot). The excess of aivtic anlivdride 
^44 ilrcompoaed by aliaking with sodium earhonaie st lulion. when 
jyscctvl derivative was ohuine.1 ns u mass of jmie gretm crystnls, 
fSich separate from dilute alcohol in c<dourIess needles melting 
iJ : 

u gave 18 2 c.c. N. at I P and 74(J mm. K 13 7. 

requires X- 13 6 jier c'ent. 

Thu couipoum) was ladled for ten minutes with 2.V sodium liydr- 
cii'ie when it pasae<i completely into solution, tlie solution was 
iniified with dilute sulphuric acid, ami iinnie faintly nlkaline with 
laiium carbonate; the solid .separating proved to be y>dnnelhyb 
*cimol*enialdoxinie, and acetic acid couhl U' detected in I lie mother 
Ii^^uor. The formation of this ncetyl derivative and its hydrolysis 
atiblisli the u/i/i configuration <if the oxime. 

.\fiwii of iludrutjrn Vhluruft tn\ ylitmtthtjiitjinntditntawU 

ilhftjjUllt . 

The oxime was dissolved in aiihydr'Mis ether, liiid <lry hydrogen 
•h!i ri'le passed into the solution; a yellow, pasty imiM was fir.st 
! rrvipilaleii, which rapidly Wcaine white and crystalline, The 
‘ vdroi’lilorhle obtaine<l iii’lhis way melted and dei'ompojM*!! at. 170 ': 

*' jM(fi required 15 2 c.c. .V. lO AgNO^. Cl IT Tf. 

Cjllj.d^X^iHn recpiires C’l 17 7 per cent. 

When decomposed with sodium carlHUiate wilution the <»riginal 
lojic was obtained, the crude product melting at Mtr, and after 
n*' ry-itallisation from cold acebuie and water at 144", more<jver, 
a-iiMxlure with this substance did not <le[ires8 the melting point of 
Hiiiiethylaminobenz^jn/raldoxime. 

The action of dry hydrogen cliloride on a solution of the oxime in 
:ry eliloroform was also investigateil, but a hyilroebloride of the 
‘i'ne melting point was obtaine<l, and this also regeneratrsl tlio 
^riiTMial oxime on treatment with sodium carbonate solution. The 
J'yirmidoride was also prepare*! acconling to lleckriiann’s rnellnKl 
'■'^1. Equivalent quantities of the aldeliycie and hy<lroxyl- 
niuii hydrochloride were liealed in alcoliol for tliree hours at 



2«76 


BBIDT iXD J>UK)i'; 


50^ -55^. A copious precipiiato formed, which prore^l i. 
same hydrochloride &s previously obuined, melting at i: , 
giving ^^dimethyUminobenzoo/ialdoxiine on treaUnent witu 
carbonate solution. 

ethyl Ktker uf p~I)imrthylaminofjfnsiniialdoiimf. [; , 
prepared in the usual way by Iwiling on the water-bath f r 
minutes an alcoholic solution of the oxime witli an e<{ui ^ 
amount of go<]ium etlmxide and a slight excea of metlivl 
The green pnxiuct was |K>ure<l into water and extracted w;? r^,. 
the ethereal solution being shaken with sotlium hydroxide- . 
to remove unaltered oxime, washed with water, and evapor^t*^i { 
pale amWr coloureti oil was thus obtained, which when > >>< 
ice set to a greenish white, crystalline maas. On recryst.,!: ,„i' 
from dilute alcohol the ether separates in colourless |)!at4> *,•. . 
slight fragrant odour, and melting at 69°: 

O I63H gave 'J- U cc. S.. at 17^ and 751 nun. N = 15 ^ 
CjylftiON*^ rf(|uirea N- 15*7 per cent. 

II ijilr<frhli,ni{f ttf thr ihS/fthyl Hther uj {yDimrth'jiiui . 
antioWor<mr. 

The (i uu'thyl etln-r wa.H dissolved in dry etlier, and <jry !;v ir , 
chloride was passed inU) the solution. A vistud suhst.«iM>- 
precipitated, which soon Wcanie crystalline. This hydru > 
melts at 118- 122^, but, unlike the hy«lro('hlori>ies of ilu- 
does not evolve hydrogen chlorirle at its melting point: 

t)'2KH rwjiiired lO O c.c. .V/lO-AgNOj. CI~16'6. 

C,„ 1 Ii 40 N\,.HCI re<|nires C1 = 1G 5 j)er cent. 

Decomposition of (he liylrociilorhie with sodium carhoii;a.- - 
lion n‘g(MieraU‘<I (he D itielhyl ether. 

bilthfntjlmrlmmijlytirimilhylaminohfnz^ywthluriinf 

This compound was prepare*! by dissolving the oxime in .iN 
and adding one cr|uivaleMt. of sodium in alcohol and one (•>[•■>■>> > ’ 
of diftlienylcarbanivl chloride. On a<lding the latter a vnlni! :’. 
pastv mass was forme*!, which was well shaken, heated "n ' ■ 
water-bath fur ten minutes, cooled, liltered, and waslud 
water. This .substance is almost insoluble in hot nlcoliul. I ;;: • 
rca*lily soluble in chloroform, and may be recrystallised fr * 
mixture of this solvent and light |>ctroleum, when it sepnr-Uf' 
small, colourless needles, melting and decomposing at I’D : 

0 2930 gave 29 0 c.c. Nj N = U'5. 

requires N = U‘7 per cent. 

Diphenylcarbainyl-p-dimethylaininobeuzsy/jaldoxinie was liylr- 
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alcoholic s<Hlium livilroxulo for two hour*. 
F .. j.4iom carboiiaU which separate! was (ilierftl off. aiui tho 
■f.-n diluted coiisid^rahly with water and tiltcr^i. The solid 
^ j.'.oned was waslie<l rcpcatc,ily with very dilute hydrochloric 
iltd residue recrysUllisw! from alcohol ; tliia proved to he 
. ^iivUmine. The washing were extracte.1 witli ether to remove 
^ ; ^;ivl.4miue, then made alkaline, and again extractetl with ether. 
^.,Fr r. ‘tioval of the ether the residue was cryslalUscsi from alcohol, 

: r.uisd to be dimethyUminoWnionitrile. From llu* lirst liltrate 
x small quantity of diinetliylaminoheaialdoKime was ohUlne<l 
. rxtr.uiing the alkaline solution with etlier to remove diplitmyl- 
^ ,-lc,. acidifying, making faintly alkaline wiili s.niium ear 

and again extracting with ether. This ethoieal »^lution 
/ a small quantity of solid, whicli was recry!*! i!hse<l fioin 
and shown to be the oxime. 

r.f' j,'(i/i/u>'P^/twicfAyf<im»»o6rfi:syu<i/</ox»/«f. -A suhitioii nf 
. j-iirihvjaminobeuxi/ft/ialdoxime in ether was treated with an 
..'i.olecular amount of phenylcarhimhle. After a few nuunenl.s 
> I rown. sliining plates begun to s<'parate; the swduliun was left 
r ■ttvnty-foiir hours and then liltered. The solid was reerystul 
...i cold acetone and water, from wliich solution it !M*piirated 
'■dplair yfll^w plates, melting ami decomposing at. 1)7 '. ,\ 

, t;,cr reirystalliiilion from alcohol removed inost of the colour. 
i;.l not raise tlio meiliiig point: 

."J gave 25'- c.c. at ItW and 7til mm. X M 7. 
C,^Uirt>-jN.< requires N U S jnu' eenl. 
l:,;* carbaniliuo rierivative was liydrolys<'d hy lnuhiig with 
:<r cent, sodium hydroxide solution for live inimUes. Aniline 
tM-ily recognised in the steam, whilst oily drops rcniaiiii'd 
in the liquid. These on eooling set to a solid, whioli 
. .• lot illised from dilute alcoloil, and melted at 7.’)' ; a mixture 
» : .‘diiiH’thvlaniinobeiizaldehyde (m. p. 7d ') melte(l al hfi", ami 
• ‘ii pdiiiicthylnminobeiizonilrile (in. p. To 70') at 7.V'. Tim 

* tier Inpiur from the hydrolysis was acidified, and then made 
. aiy alkaline with soflium carbonate solution, wlieii, after some 

' .I-, a Mimll quantity of substance cry-slallised out, wliicli proved 
' ' ! '• pdimelhylaminobejiMldoxime, formed probably by tiie con* 
vTsUiii of a little of the sf/n- into the wntt-carbanilino com])Ouncl 
riiig the warming and the subsequent hydrolysis of the latter, 

A similar decomposition takes place if the carbanilinoalcrivative 

* '‘■.ji^d'with alcohol alone for some time. Carbanilinm/Hlimetliyl- 
niobenzfyaaldoxime was boiled with alcohol und^-r a rclliix <om 

■ i ‘-T for twenty-four hours; the solution so obtained was diluted 

* ‘ii ?ihuut half iU volume of water and coole<!. The crystalline 

CV, 9 li 
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prtcipiUte which formetl prove<i to be dipheoylcarbami . 
232'-';. The mother liquor wae diluted, and the oiilkv liq ::: 
ftcfl witli dilute Jiydrochloric acid; iilky oeedlM which 
suspended in the nolution were collected, and ihown to l>«i* . 

carbamide. The filtrate was again made alkaline with «. 
hydroxide, stirred, and set aside for some hours, when a .j .. . 
of diinethylaminoljeiizoiiitrde separated out. The moth«r 
was acidtOe^l anti made alkaline with so^iium carbonate, ■ 
ftolitl separating was crystallised from alcohol, and pr><v>->i • 
tlimethylamintjlH'tizaldoxiiiie. 

In each of the above rases the primary products of the r- . > 
may lje regarded as //^dimethylaiiunobenzoiutrile and li.f , 
Ihetical phenylcarbamic acid; the latter in the presence i.i ,;i. 
i.s deeon)|>osi d into carl>oii tlioxide and aniline, and in the .r 
of alkalhs two inolccules yield water, carljon dio.xide, and d rl r . 
carhamide ; 

(.V1;.\H*CUJI tWNII, + CO.,. 

2(';IIi*Nlf*COJI ((WNli)X‘0 + C0,,-. Mil 

The mucli larger amount of oxime fournl as the result f 
longctl lajiliiig with alcohol is due to tlie conversion of v: • 
inUi the »/»/< tlerivatiw, and the 8ubH*quent liydrolsM' - f • 
compoimd (jw.-c btdow). 

Ctirhnni/ino-^) i/irnrtfi'fltimhioKt /iz'duliultio.rimf . The ft' dJv ; r 
pared i<v/i i'arbanilino derivative dejKTilxHl above was covt-r-d v>.- 
alcohol ami boiled under a retlu.x condenser for one hour. , 
iiig, carbaiiilim>-/#-dini»*t.hylanuuobcnZ'/n/ialdoxiiiie ciAst.iiii'r.i 
large, colourlesa jdates, melting and decomposing at IVj 

(t264fi gave 32 -J cc. at Id-* and 7(>8 mm. N l l O. 

rctpiirc.s X - 14'8 per cent. 

Tiii.H cumpoiiml hs also formed if the ^yo-t'arbaniliiio d. r;. / 
is kept fur any length of lime, there Wing formed siinult te- , 
a small atiumiit of aniline and diinethylaniinobenzonitrih* ( 
aniUnodiinethylaniinol>eii7.//«//a!doxime on boiling with 2A 
hydroxhlo passes almosl eomplclely into solution, no nitrih’ 
formed ; the solution on treatment in (he usual way yields diii,«; 
aminoWnzaldoxiino and aniline. 

In conclusion, the authors l»pg to express their tluiiiks t ■ ! 
Hescairh Fund (’ommiltee of the Chemical Society for .i 
wiiich lias defrayed the expenses of this work. 

Hoyai. <'oM.E»iK np Science, 

Tuk Ivi'KiOAl, CoU-BOK OK SdEXCK ANO TecHN«U.OOV, 

South Kknsinotus. 
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(X'tXlX . — Tlte Reaction BeluHt’a licmijlitunnc and the 
Dihnnnosucci n tc J cids. 

By Ed\va«d Pkiu v Fhanki amv 

!f Has shown by the author (T.. liHl. 99. ITT.)) iliiii 
, j.jyjtiosuwiuic aeid* and beiixylaimne rt-ait to form a ililterjivl 
j^ititauccinic acid and. aiiimUaiu'ou:>ly. tin* dilK'iixvi.miide of 
.uriaric add. Aualopous results havt* now Ikhmi ohlaitii‘<l with 
/ j;br«i« 06 uccinic acid,* which yields an hvonictic diU ny vliniiino 
^.fuuc acid, together with a wnall tjuaiuuy of the dihcnxvliiMmle 
T ficemic acid. A euniparihoii of the properties td tin* two 
U'lixvUmiuo-acids suggwu tliat the one obtained from moo 
; i.j^mnwucvinic acid has a strncluro corre.Hpotiding with that of 
.urtanc acid, and reseinblea the diaininostuciitic acid pn'pared 
. l^dirfeld front wtc^o-dibromobucciiiic acid, wiiich Tafel has shown 
• .Yield i-tiTtaric acid wlien treated with nitrous acid. On tin* 
tJiAt tile contiLMirations of the groups alvout the two 
..vnunetric carbon atoms arc similarly affected liy the reagent 
acid), the configuration of the diamino nciit wjll he the 
■„v!s.e IS that of the tartaric acid derived from it t'oMstMjnentlv. 
a: inav be justified in calling Ii<diifehrs diaininivaci<l wf^u 
^.oiiiiioHUiTinic acid (!). and the more Miluhle diiimnio acid 
uin»-<l hy Tafoi, wliich yields rac inic acid with iiilrons aci<l, is 
' jiaminosucciiiic acid (11): 

..tjHClI'NHK (;<).,K*CH*NUU NllIM-’O-ni-OH 

•iMl-Oll-NHIl liNll-CII-tUli Oil-Cll-t’O-Mlll 

ll.) Ell.i ’ (III.) 

The new dihenxvlaminoMUTinic ac-id from rdilironiosnccinic acid, 
iiroiint of its greater solubility, has inosl ]>ro!);d>ly a si nu t tiro 
c digtiii.s to tliat of tlie f diaminosucciiiic aciil |(M), wliere 
H It lias not been piissible to prove this directly, since 

iM-nzyliimiiio acids cannot l>o converted into the amino acids of 
.t*' tartaric acids by any simple meams. Tiie simultaneons apjicar- 
c-rul the benzylainide of racemic acid (III) cannot he taken as 
’.;denie of a racemic configuration for (lie dibiMizylamiiio^acid, 
llie former substance is produced bv an entirely different 
^ ytioii (first discovered by Imtz in the case of monohromosturitiic 
‘’•'i). ‘iiid is not generated from hromofumaric acid, the initial 
in (he formation of (he dibenzylarnino-aciil. 

Tf.e siiinllness of tlio yield of raccmobenzylamidc (one-twentieth 

It i« '-'Usvlend thtt these designations arc more Hiiitahle than those nwd 
irisly, namely, j(-dihrouios«ccinic acid and /.■<y<liho»iin>siici ini.* and ' l 

9 U 2 
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to oue thirtt«?tfi of th« weight of tlid uomerie dibeozyU!;.. 
in probably <lue to the extreme reading with which r 
KucL'inic acid part* with hvdrogen bromide to form br f. 
acid. 

The attiou of beuzylauiine on r-<libromtMiUccinie acid 
or cliloroforrn solution appears to lead, in the first insta-; . 
formation of a mixture of mono- and di-benzylamin. 
brornoiumaric acid; the mono-salt i>eiHg sparingly solub;- ; 
it may s».*parate out when the mixture is acidified with 
acid. Thin .Halt yiehis broruotuinaric acid and benzvlan,;;.. 
chlorido wlien treated with ethereal hydrochloric acul. 4:, 
heated with aqueous benzylariiirm passes into tlie (r)-diU'i,z 
acid.* Tliis reaction may proceed along two different hnr, 
ilio benzvlaniinn rii.xy combine at the double bond to for;;. . 
I»f nzylamino arid, and the bromine is then di.splaced bv t;.. 
amino-group, or the bromine is displaces! first, yielding .1 


aminolumaric acid. 


iic*i;(t,H 


which then attach" 


itiiiim' to the double bond. 

Ill the previous comrminiratioii on wir^Mlibroniosijcn!;;.' . ; 
wa.H >iiiggi*sU‘d tiiul the corresponding formation of 1 [• : 
acid wa,H followed by lli'- addition of beiizylamine at lit- . 
bond to yield a bromobenzylainino acid {^benzylamino m!': 1\ 
Kurllior inve.stigalions on a proiliirt- isolated from tl :■ . 
mixUirfi, and iiaviiig Ibis cfimp<»ition, dtr. rci;d - 1 

probable lliat tin* »iib>tance in qin'stion is the isoiui rif .i ! • 
amine mH ol bromoimil'-ic m id (V): 


('lir>rd'tUirJI--MI._. tlrjXHUl.iMIpNH 

IlC-CO, II, ('.!!, -Mi 

ilV.,' '.V./ 

Thus, when treale.l with idliereal hyilrochluric acid. - • 
slams' vifldeil broinoinaleic acid and i»eu7.yla?iiiiir hvih > 

(ll mols.), and it iippeareil to Ire identical with a pr<»im': <t' 
by allowing an alcoholic solution of broniomaieic acid w, i ■ , 
amino (’J mols.} to crystallise' in the cold. These fa«ts 1-1 . : 
iinprobablo that wc are here dealing with a bromobenzyl.uii;!^ ' s- 
Investigations, ns yet nnpiiblislitsl. by the atilfior m 
tioii with II. Webb ami C. Mowiiickel on the adiun of . 


* Til.' fi rui-. (.•'! Jiiitl m di^-lingiiidi lie; two i-on:er; i ■ 

{uiiimj-.ifids ;ur Lcm'.I 011 tli« apparmt anal<i..y lu twi-eii .v i-ls 1 ' 

7;i.-,<tiMliunu’HON»ci-iiii'' aci-U n^fcclivi'Iy. ImiilcriuUy it u»iy i 1 
tlilm/ylaiuinii a.-i is (r-) aiul (hI'-sm-' arc dcrivod from lh(' «'Mrn-'[‘'iii'iHic ‘ : 
ililiron.csiu’t'inic acids, alttungh.Vifi-oiirsp, this ielalii'jishi[i.itriirils no liir." ‘ 
of till' aosnini'd rciitigiiratiotis of the i]iU'!i/.y]auiiin a'ids. 
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^ two Hibromosuecinic ai'ids have not in tlie ijioliition 

■ j,r: !jif>sH^iuf»uccinic acids* only anmioninm salt.< I'f bronuv 

iic.d bromofumaric acids bcin^ objaiiictl. 
j- y.if bcOB found that when the dtlHiizvlaiiiinc salt ut liri'iiuv 
c .nid is hwi^d in a^iueous sdutien it umht^vk's a reaiiion, 
.,j. Kinie (mr«>')dibeniylaminosiuvinir j ;uiil, ta-^ether witli a 
.. * ■•aide subst-ance. When heated in alKiheiie Holnii^ai. l)ie 
-N^vninoacid is atwinpannHl hv tiio mo!>.>!.eii::Yl.ininie salt of 
:t-A]Ac acid. Circumstances bavin:,' oiinpi ihd the antiior to 
•vr il't these and other i«ve>li^’iitions j>UK«*edin^' at the Cni- 
of Birmingham. Edgliaston. it is liopeil that m time a 
• ohri communication may ix^ made in which hght \si!l 1*0 
, r,.tu on the mechanism of the reaction wheieliy the brumo 
. ^jiiirated acid passes into the saturatcal ;uul. 

protlucUi other tliaii the above have i«een iU'{e<l in cases 
r-dibromosuccinic acid haa bwn Ireaied in chioruform snlu 
. these also await further investigation. 

E X P E R I M K S T I.. 

K;elit rams of r (libr«mosnccinic acid (piep-iivd liy McKeii/le's 
di were treaied with l‘J I grams of l«‘n7.yliiiiine ( 1 luols.) in 
«.i water, and the mixture was he.ite-l lo lou I'm' tliice 
.,;rv All orange-yellow j^recipitate appeared, which w;i.'> cullcclcd 
. ;ii ii;«‘ cooUhI mixturo and waslied with vsaicr, Tin* nitrate, (ni 
.• i;jj li*-a(ed and kept for some time. yi<-Mc<i a furtlier small 
iii.liivof prccipitnU' (colourless). 

Tl:r.,*i prccipiUtes contain (r-)dilM*n/.yhi!iiiiiosucciiiic acid, pmh 
w t'';:etlirr with siuno heic/.ylaniim' salts i»l tlio sanif, .iho a 
■Li‘ iliheiizvlamitlo of rai-emic aciil and hrwwn, tarry matter. 

{r-)l>ibrii:t/lamiuii.yur*'inic Acid. 

Ih" prrcijjiiaU's were heated on the '•t*amhatli with diliilo 
.iiiimonia; » tarry, semi crystalline residue was separated, 

. i li.e i-'jliition concenlrak'd to a small liiiik. 'llte r dilieii/.y] 
c:,;j,c>i;iCi’iiiic acid Crystallised in tlake.s and crusis on thii snrfaoo 
i tin- liipiid, the yiehl amounting t-o d 11 grams, imlndiiig a small 
extracted subsequently fnmi the tarry residue. Tins ])ro- 
; e'. w.y- jiurified by several recrysUllisations from dilute ammonia, 
- which solvent it separated in small, jwicular prisms, mehing 
i:; i li^'omposing, on quick healing, at 250'^.; I’ure {wi/'e)-)dil>f*nxy!- 

■ ' : . 18, *2, 15 . ]S49)« lai«i>i to have i^l itcd tic- silv. r h.t'.i f-t a t ii.iie. 

■ ' ’ iiiic acid tl<Triv«-d from ilm action ofammnni.nm i/e vi ' ini'' a''ti!. 

‘ ' • ' mgiiiig note on the (rddibcnjivl-iiiiilio-iicid. 

i A;; jKiinls iiri!!ojrcct<-d. 
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aiiiiuoiwa'inic acid, when similarly beaUd, decompobeil , 
and mixtorea of the two acids at 244 — 247° ^ 

locfiwic acid is only sparingly soluble in hot water (alil. . 
•iderably more readily soluble than the meio-acid), ainl ^ 
insoluble in alcohol. It dissolves in ammonia on warmi< ^ : 
moderately coiK*enlrate<l hyilrochloric acid. Unlike tf;,% 
acid, it is not readily precipitated by diluting tiie .ic;| ^ 
tion, but separates out on the addition of sotiiuni , 

or sodium carbonate WiliUion. The r-acid undergoes 
detom|K)«ition on long healing with potassium hydroxide? s,’: • 
hut is little affected by heating in sealed tubes with cot;iv i, 
M<{ueous ammonia : 

ij 079'J gave 97'OU c.c. CO^ and 5 51 c.c. Nj. * 

11'32 C.C. NV C- G“)'53; N- 8 C3, 8'5G, 

Cmlf«f,0|Kj require*! C* C5 86; N = 8'54 [ler cent 


iHhemfjhimtde of UacfutK :\rui 

The tarry re.'iiduo separatcnl from the amrnoniacal wdiiii- n • 
reaction product (soo above) was extracted again with hm;;!...; , 
and then warmed with a little methyl alcohol. Tlie t.ir ^ 

uml a crystalline precipitate remained. This was exlr;tci»‘.i . 

with hot ammonia, and ihe residue weighed 018 grain aji'l c .l'. 
ut 207— '210-\ A further quantity of the same . 

^)0!) gram) wa.s obtained from alcoholic wju^liinu'' 1 • 

amniiuiiaral extracts yiehled some (r-)dil>on3iylamino‘sii,'4'ii;ir i 
(see above). 

The dibenzyUrn'ide of racemic acid was ))urille<i liy n-crv'i n , 
tion from alcohol, from which solvent it separates in gli'U: 
oblong, rectangular plat<^. some of which have Irunr.tUii 
forming jienUgons and hexagons. It melts at 208 — 210'. 

0 0750 gave 92'73 c.c. CtX and 5‘2M c.c. N-j. C- ■0.V7O; N * ^ 
t',jr^O(X 2 requires C"- 65‘8G; N- 8‘54 per cent. 

The dihenzylamide of racemic acid wa.s synthesised by w.ir:;.. . 
dimethvi racemato with beiizvlariiine in methyl-alcoimlic sliii 
The substance crystallised out- on the addition of a few 
the prmluct obtained from r dibroinosuccinic acid. Alter rea\ ‘ 
Usatioii from absolute ethyl alcohol, tlio substance prc5*Mi’*>'i ‘ ■ 
same appearance under tbe microscope as the above d*\vcn!w‘4 : 
duct, and melted over the same range of temperature (l’u''' 
as did also a mixture of tlie two substances. (Found : N ' 
Calc., N-8 54 per cent.) 

The yield of the dibenzylainide from rdibronio>uccinn- .i*. i ' 
• Dry C'Oi ainl \ at X.T.P. ; C aud N eombostioD in a vacuum. 



BE>«i!VL*IIISK AND THK IIIBKOMOSI IX'IMC ACIDS. 


ihAB tiiAt of tl» n>rttS|Hiii,)iii« tuhilaui-,* from mrf.i 
j.Kt.rao8u™nic aciil; 5 j;riUH.s of llio !iitl,-r miIoIbiuv, oh. ii li^i.sl 
iiqufOlU bemyUiniiie (2 moU.i, oav,. O f. i;raiii, :iiul with 
i moS , O'J of *i>« (lilieiiiylaiiiiclo of i tarlaru- a. itl, a jmnliwl 
of <-ml«llise,l in rlioinboi.ljl |.lai,.i. .Kvoii.|..iiu«l 

V, I few IwxAgonA, an.l molusl .it. l'0:D . 

A cnxIurB of rAceiiiobonjylainKlo fr.™ r,lil,r,.iiu.sikeiiof .lei.l 
^ynthf‘tie i-i«rUrolK.mylAiiinle ineitvO at I or 

loio.i ul Brill^laminr on r J,,,/ y,,,, 

tttjurons Sol I ruff. 

fiio principal priKlin-l. of flio ri-aitioii was apiiau'iillv il,,. 
j,t#MyUmino salt of liroinofuiinirii- acul. 'I'lif iiitiiiuiii .0 
eoei.iylaii'ino-aciil was again very small. 

, i| (.’Aforoform.- Five grama of froslily prepari'il r (lil.roii!.. 
.ioiiiir acid (Found. Hr .ii ll, .if 22. fair, Hr ,i7 '.i; |h.| 
,eal.! w'ere treated w ith a solnlion of 8 grains of Itentylaniim' in 
re. of chloroform, and heaUni to luiiling niider ivllns for two 
l.eun.. 

rill, precipiuto (7 1 grams) eonlained l,en/yl,iraino liy.lni 
ii:i..iaidr, together with Ies.s solnl.lo snlotaius's. Thesi. were 
•..p.ir.Hwl hy treating with water, ami .•vntnallv l.y evtracling 
r,v residual lientylamine hy.lroliroinid.. with alwolule aleoliol, 
ri... le.ss soliihle prodiirl.s (2 8 grams) is.iisisi.d I.eii7,vlaniini. salts 
i riamifumaric and (f.)dilienzylaminosmTioic aci.ls, log.dher with 
,i little dilsMUylamide of r.ieemie acid. 

Till' chloroform mother lii|iior and wa,'hiiigs were evaporate, I, 
rd the residual tarry residue he.ated with water. small aiiioiinti 
I ir idilieniylaminnsiieeinic aei.l (l) liG gram, .livompoKing at 
..to 238°) was separated, and the solution eoiilaim.l a little 
isaiiylaniine hydrobromide, together with ahonl. I) li gram of a 
i nslurt melting and deeompo.siiig at 2i)'i 22."i . 

It| .Wc.j/ni/,- Five grams of rdihromosut einie aeid were dis 
-bed ill 20 e.e, of warm absolute ethyl aleoliol, ami tr.'ul.sl with 
• grams of lieniylamiiie. AfD'r keeping for ahout Hire,, hmirs, a 
'ri'talliiie precipitate liegaii to form in tli,, li,pii,l. About sixteen 
.'■an later this precipitate was eollectcl, washed with alcohol ami 
Sitli ether, and driwi. It weighed 2’fi grams, ami im'll.'d ami 
teitiiiiposed at 172°. An aqueous solution of this siibstaiico de. 
■•bon.sed cohi alkaline permangan.ate almost instantlv, showing the 
ireseiice of hromofumaric acid. The a<nicoiis soliit.ioii was slightly 
■ ouify, even on heating. [ieTha)is owing to tlie preseme of a little, 

'tiheniylamino-acid. 

On acidifying with dilute hydrochlorii; arid, a erysfalliiie pre 
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cipitat^ appeare<i, which was collected and recryiUs':.-^ , 
water. The subaUuce melted and decomposed at 219^, 
to be the moaobenzylamine aalt of bromofurnaric acid 

The alcoholic mother liquor and washings tm col. • , 
yielded ab(jut 1‘3 grams of a bubslance melting at 
followed by a little (f-)dibenzy!amino9ucciDic acid (d.o 
at 248°), ' ■ 

In another experiment, 8 grams of the r-dibroiiio ,r | 
treated with 16 grams of bcnzylamine (more than , 

120 c.c. of alcohol, and the solution was heated to boii;; , 
reflux for four hours. On concentrating the solution, ^ 
precipitate separated, which was collected and exlnii-tt-d • 
water. The residue, which was soluble in boiling w.it.r 
|)Osed at 231°. This substance is probably the , 

salt of (^r-)dihen;fjlaminosuccinic acid, but cannot readilv 
from possible a^lrnixlureR of the free acid and its diln ;,/, , ; 
salt: 

01129 gave 10*98 c.c. N*^. N-^S'Gl. 

re<|:ure8 N=-9 65 jht cent 

Artion o/ Hfniijlaminr on Jiromofutfuirir A 

The following c.xperiinenbi were carried out with .i , 
investigate more fully the intermediate j)roductH of lii. !• . • 
U'lween bcnzylamine and r-dibromo-succinic acid. Tli»- i. i,- 
ifi this case siinplifietl by the non ap|>earan«* of the ; ; 

of racemic acid, and l»y taking a smaller proportioji of ijiM';.' * 
the aciil, tin? amount of dibenzylamino-acid produced i-, , 
almost negligible. 

A clilorofurm solution (oO c.c.) of 4 -I grams of bnut -i . < 
acid was treated with 6 grams of benzylatnine (2} int.i- i 
healed to boiling under reflux for three hours. Tin* i- ■ ' 
precipiUto weighed 9’3 grams, and a portion dissolved m .v,'. 
contained only a trace of ionic bromine. Theory requin's 'J : ■ i > 
of the dibenzylamine salt of bromofurnaric acid. Wlit'ii !’ • ; 
duct was dissolved in water, only a very small pr»'ci].!i.c.- !• 
mained, but when a large proportion of amine was used (2 
this precipitate appeared in greater quantity, and pn'vd s - • 
(r-)dibenzylaminosuccinic acid (decomposing at 242°). 

The aqueous solution was treated with 3'7 grams of ritiii mu i'« 
hydrotdiloric acid, whereupon a crystalline precipitate " 
pOf!ite<l, which was collected, washed with water, alcohol, .m i 
The motlier liquor was shown to contain benzylamin*' • 
chloride. The substance, after recrystallisation from v iit. 
composed at 221°, and appeared on analysis to be the 
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bromofumant nnJ. Tli.' yifl.i was Ti 7,‘i pams, whilst 
re^titre* 6’8 grains. TW iul'>taiu't' is ratiii'i spaiitiitlv 
. stir 111 hut waUr. and almost iiiMilulile in lold wator: 

1 96'J?4 c.c. CAX and 4'ti'J im*. N.. a' K! Ihl : N IM, 

I’lHsOiBr.CfHjN r(a|iiiriis A’ Jo 71 ; N | ii |.,., ; 

ilia reaulU of this analysis, tha siilistain-f inii;lii niiiariv waH 
ita isomeric bromoheniyhaininoMicainu- ai ut, II , tl,N Ui . 
«-»r'.er, the aqueous solution rapidly dcfol.nist-. ci.hl alkahiia ]iai 
liciiiiato. treated willi ethereal hydieehh.iie ,i,id the 

J.i,.iaiife yields bcnrylarnine hydrovhloride and hroiitoliiiiiarie 

,.,a. 

y,,, yrainsof the suhstance were shaken with <lry etlien .d livdio 
ru-aeid. The prei-ipilate weighed 1 eraiii, and melle.l ,ii AliS , 
theory requires tV'J.'i gram of iH-iizyhiinine livilieeliKnide. 
r:,. ethereal mother liquor yielde.l some bromofiiiiiarie arid, Hv 
.i.ntinued heating with aqueous henrylamine. I lie immoheM/.vl 
. mU of bromofnniario arid im.«.se.s into (r.)ditienzylnmino. 
... - arid. 

Thun I d grams of the above di'serihed jirodnet were heatinl at. 
■ o with I'd grams of hen7.ylaiiiine in to ee. of water for four 
, 1 . '('lie suh.stance gradually dkoilved, and, on eooling, a pri' 
iiuiie of small crystals appeartsl, whieh weighed H '7:i giam and 
i.,,.M))osed at about (compare seeotid experiment, with 

,, ,1.. Ill* hen'/ylamine on r dihroniosiieeinie aeidf. After ro rvslal 
•lAeii from dilute ammonia, the snhstanee deenniposiui at. 'Jl- 
' , lii.eii 7 .vlaniinositceinie arid]. 

/-'.rjirriinnits iritli meso /Otromo.oieeooe .Iref. 

li ex|>erinienta were undertaken with the olqeel of invesli 

..Ml;' the slructuro of the eompoiiiid melting at l.'iA ilesi rihed in 
i[irtioiis communication (T., 1911, 99, 177',)). It was al-o lliniiglil 
■sijhle tliat an intermediah^ compound inight he tonml hetween 
IMS sill, stance and the final product, (wn.oejdihenzylaniinosueeinie 
i iJ 

.kwen grams of iiirso-dihromosueeinie acid were treahsl with 
li gr,rm.s of beiizylaiiiiiie (d mols.) in lOtl e.c. of ah.soliite ethyl 
. hill, and the mixture was healed to boiling for live minutes 
Mil then kept overnight. The resulliiig preeiiiilale weighed 
‘ 'i crams. After extraction with boiling alcohol ll'li gram reniainiid 
t i ii' henzylamino sail of {mf»o-)ditieuzylaminosui'rinic acid). The 
i "j!a*lic solution on cooling depositerl 41 grains of Ihe snhstanee 
Miiai; at IfiG'’, which was investigated as follows: After shaking 
•ill dry ethereal hydrochloric acid the resulting preeipilale 
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weight'd 2 grHms, ftiid proved to be beiixylunine hydi<» .> 
a ipecimen melting at 257^ after recrysUIliaation from t ? j. 
of alcohol and chloroform. AMuniing the sobstance to ^ , 
Iteiuyiamine salt of broiiiomaleic acid, theory requires J •>: . 
of benzylainine hydrochloride, wliercaa if a bromobenzyUi' ; 
fixinzylamiiie iiatt) had been present only half this qu.u > , 
Ifenzylamine hydrochloride should i>e obtained. 

The ethereal mother liquor de|>oite<i colourless cry^taU i} i ^ 
maleic acid, melting at 138 -140^ (Found, Br --U l., (■ 

Bf' 4103 |wr cent.). 

A suhstatico melting at 150'^ and apparently identical u.t' 
alufve, except for its more rapid reducing action on [jerni.*!;; 
was obtained by allowing an alcoholic solution of broniotii tl. 
ami l)enzylamine (2 tnok) to crystallise in the cold. 

The mother liquor from the 41 grams of subsUnce . 

above de(Krtite'l, on (‘onwiitratioii, 0’25 gram of a suhsutur* -in 
jio^ing at 230 242'^, preHumahly crude (mf#'^)diben2yUmirlo;Jr}u r 
acid, and then, oti the addition of chloroform and furlli. r . .. r 
Iration, a precipitate of needle-»ha|)€<l crystals, which jnclt-.i . 
142 -141:^^ and proved on analysis to l)e tlio nionobeuniatc;; . 
of hromomaleic acid (Found, Br 2600. Calc., Hr '.’'li-l 
cent.) (compare T., lOlt, 99, 1779). 

It i-H .‘iugg^f'led that, ('(mlrary to what was stakil in tin- p. ,. , 
cotnmunication, the substance melting at l.‘dV^ is the dilM-nzp 
salt of hromomaleic acid, and that on heating in alculiiiiu' >./ r 
it i.s cunverttMl jKirtly into the dihenzylami no-acid with Mn ri. 
(lUH formatiuri of the monobenzylamine salt of bromomah i. ,h . i 
llr CdXyi.tVIjMI. IiaNll-CVlTl'CO.il 

^ “ 11C(NH’C,H,)-C0JI ' 


HiOfO.II 


+ C;ll;-Mi,lll 


III a second experiment 7 grams of mr.xo-dihroniosMn nn'’ i 
were treated with 8’2 grams of beiuylamirie (more than ii 
60 c.c. of absolute ethyl alcohol. The mixture was |]eate<i t.- !• 
for live minute.s, and then kept for about two and alia!! i 
The precipitate weighed 'V.jT grams, and melted and d.ivi’p-- 
at 142'^. The mother liquor yielded U'9 gram of coarn- ■ 
melting at 136'^ (dilMMizyhimine salt of bromomaleic acid) i - 
little nearly pure (mr’j«o-)dilK'iizyIaminosuccinic acid (ihc n-i . 
at 250 254'^. 

Tlie 8 57 grams of substance were dis&olvcd in water. 
from some undissolved dibeiizylamino-acid, the solution .ic i- • 
with hydrochloric arid, and extracted with ether, Tlie cf!:*:'' 
extract yielded some //jwo-dibroniosuccinic add (decomposing' i 
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..L-JS5“; found, Br = 5S13. Hr 5: 97 |vr iviK ), This 

tint the reaction pcxiinct ohtainwi uinlcr ilirt.r .on.iilions 
coiitaiin unchanged mnudibromosuccinic aci,! (^as Iwiijylaminc 
^ 1 ,, A similar result, was olitained hv healing the .leui and 
logetiier for two hours in hoiline ehlerelortn sulniinn. 

I HKIitCAL DtrAllTMRST. 

Tut I'jUVtRjslIT, Kl-.Sl-IOV, 

BlUIIVGJlAlf. 


iVLXX— Propvrfit'S of Solutions of //(,' 

Ui Alcohol. A Modijial liOiliioi-juituf 
Apparatus. 

Hv James Brierley Kirtii ait4 James Ki kkusi.ev Mvkiis. 

Xh}; wfll-known property of ortlioijoric arid <if imparl iti^» n ^rrmi 
ovur lo the alcohol (lame has usually Imvii nscrihotl. at auv r.slo 
n i<»xi l*ooks. to the formation of some or^Miiir deriealivr of horir 
, I i such as triethyl horate. 

Jins ilea seems to present ronsulerahlo th('<ireliral tliHiriillii's, 
jr;ii it was with the ohjert of ohlainin^ informal joii im this )»'iiit, 
i jufire particularly of examining the {ihysical iinipfilu's of 
*>tiiM]ic solutions of the boric uci'ls. that- the pres(‘nt wtirk was 
;..jorlaken. 

Til'’ first part of the iuvestii'atiou as flesrnl'eii in the prriM'nl 
iimiuiiiration is deviited to tlio determiiialion of the Imilin^ 
-iiiis of the solutions and of the comjiosition of the various 
‘uHiilf’s. 

Prelirniimry experimetiU imlirated (hat. it was e.xlremrly jind) 
’'Vtliat the additions of very small propfirtions of orthoburic arid 
sr-lurod a very sliglit InweriiiK of the boiline ptiiiit <ff ethyl 
i>4hi). Tliis lowering appeared t'l be of ii similar magnitude to 
nlisfTVOfl by the a<lditjoii of small (juantilies of \v;iler tf) 
- •'leil. It was therefore esj«*ntial that the materials usf'd slmiihl 
'«' u free from w.ater as possible, and that the experinieMis slioiiM 
f'iirried out with the exclusion of wataT-vapour from the atitm- 

The alcohol was therefore purified, and llieii dried l]iorout,ddy iiy 
'r'Mloipnt with metallic calcium or with lime ]>rc])ared liv rah iiiiiij^' 

rr.drlile. 

Beth methods were used, and as there apjiearcd lo be no differ- 
ill (he results obtained, alcohol <lrie<l over calcium was 
♦mployed for the experiments dcscrilxjd below. It may be men- 
Honed in passing that in addition to the usual precautions observed 
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in flrying alcohol, lh» hydrocarbons lometimos found in th, , 
aftor treatment with calcium were readily and completelv 
by distillation from animal charcoal. 

The orthoboric acid was purified by several reervs!;, . 
from water; the metaboric acid was prepared by heatinj t . . 
acid to alamt nO" until decomposition was complete, aii-l i , 
trioxide was obtained by fusing the ortho-acid. In tlie ; 

the glass was ground to a li!,.: ; , 
' in an agate mortar. I’r.v, . 

'! were taken to exclude mnist i;- . 

I I , the meta acid and the .ir;!.' 

; j j The three materials were i , 

■ analysis to be tolerably ji'i re. 

T I ^ As it was a question of tie- ,, , 

j^[ I i-e very small difforenees in i . 

t ^ j |)oint, several kinds of .n ; 

1 <■ tried, and the one d,., t 

’ r 1)ii *>elow was eventually Used. 

i f ' ( I I unsuitability of the . .x -; 

IJ ‘yF®- 

'! , The general charaetfrix:! ^ 

i I apparatus, w'liich (“an in.* th r. i. 

'! ! ^ refomineiKiwi for this kiifl ■<! vt 

; ‘ . will 1)0 clear from the sk'Mt i. K; ■ 

ii ‘ i V- onliimry Beekniiiini in;: 

'■J®.' ; is H 

1:*^' f.;..; ‘P ^ in a Dewar vessel. All • v; 

\* ■ ^ glass surfares are rovert -i is .t' 

/ layer of cotton-lint .so as \>‘ 

j ’ I the heated liquid and v:i|>’ iir ; 

draughts. This precaiUifii i- : 

' I to he very necessary. Tlo' ]? i’ 

' I is hy an electric current ■; 

U'5 to 3'0 amperes, and : 

/ steady by means of a rheiipt.i! v 

an amiuelor in the circuit 


Tile '•uiTcnt IS c:irri«*<l by stout platinum wires, sealed li r 
glas.s tubes, in contact with the leads by means of merriivy. 'i' 
it rea(‘he.s the liquid. The wire is now very much tliiuiier. f : 
carricfl llirougli a glass coil iimde of tubing about _ u-'; 
diameter and open at both ends, so that the wire is in < : ' 
with tlie liquid. The glass coil is broken half-way along its : 
so that it is really two small coils with a gap (A) l)etween i • 
The two are bound together with platinum wire for cjiiv- n;- ' 
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^ jjjfltiliDg anti snapeudiug. Tlu* g.i|) l*etwwu th^ coils shouid 
^ ibt’Ut 4 inni. The efficiency of the iippariitus is largely due 
-.this gap- A* 4he wire Ixecoines heated t!ie liijoid inside Uie 
expands, and rushes out. and is replu'eti hv other 
.^,1 thus causing circulation. Tliis pnvess gites ou until Kuling 
. !ai reached inside the coil, when the circiiLstion U*cinnes more 
^ ,-.,1 until the whole liquid is at the Unling p^.uii and iriieams 
. i^lMes issue from the various openings in liio lulte It will 
leeJt that the euclosure of the wire ]»reveuts hval .suprilieating 
'U with a bare wire, and the opemngs in the coil cause rajud 
.ouiinuous circulation and ebullition. 

It t* essential that bubbles should ap|MMr from the middle and 
tq>eni'igs in the coil. It happens on rave oet-asions that 
isaiio from the top ami middle openings, and then super- 
often takes place. In such cases a slight tap will sl.nt 
, ipjiiijj from all lliree points. 

Wiiii 11 pure liquid the boiling point, as registensl hy a Ihvk- 
, il'crtaometer, remains steady to O'Ol*'' or even to ti odfc'', so 
the barometric pressure remains sttvidy. 
jr, all experiuieiita a control apparatus was employed lonl.djiiiig 
■ .V,. .lii'iliol, so that variations in the iMuling point due to haio 
I'liaugea could bo determined ami the l.<iiliiig point tii the 
K eurrectwl. In the values given 1 m*1o\v this oorrirli<iM has 
,,i. i-;t'l:ide<h and all temjMTatures are oxpiwsfd in d<‘i»ri'es emili 
.• Mi an arbitrary lte<-kmaiin .scale. 





Taiilk I, 





N li.i.', HjIlO, 

Solut 

Mill) 


S.ilul,'. 11, 1> 



H. |>. 



Ti. ,.7~ 



n, p. 



J 

Clmni:«' 

tiruiii- 

of 1 

Ihuiu.- 

(Intiii- 

of 

I 'luUi;.:.! 


s.pln- 

in 

inob. 

S'llu- 

in 

Iliols. 

soln- 

Ill 

it !:<i 

linn. 

b. p. 

lUtt),. 

lion. 

h. p. 

1J,0,, 

tioii. 

1.. p, 

•hK 

1 -ia= 

- 0 07 

0-0030 

1 52 

0-04'* 

0-0049 

1-52" 

0-U4“ 

U 

1 4i 

0-12 

00074 

1 IK 

O OH 

00111 

1-30 

0-20 


1 42 

-U14 

0U14O 

1 43 

0 13 

0-UUt) 

1-30 

0-20 


1-41 

-o-ir> 

0-0200 

1 11 

-0 15 

0-0277 

1-3H 

--0-1K 

'■'Cl'. 

1-40 

-O-IO 

0 0201 

1 40 

0 10 

0-0348 

1 40 

0-10 

■-'i.’Tii 

1-40 

-O-IO 

00311 

1-40 

-0 10 

0-0435 

1-01 

-{ 0 05 


1-42 

-014 

00375 

1 41 

-0 15 

0-0639 

1-98 

! 0-42 


1-45 

-0-11 

0-0457 

1 43 

-013 

0-0773 

2-25 

i 0 09 

<'<p|3s 

14a 

-0-07 

00520 

1 51 

-0 05 




‘X.IJlNI 

j.p,2 

-0-04 

0-06 10 

150 






1 r.7 

i U-OI 

0-0090 

l-Ol 

1 0-05 





1-67 

fO-ll 

0-08<K) 

1 09 

.0-13 





1-7.5 

-•■O' 19 

0-1334 

230 

i-0-70 




'MiTpi 

1«3 

: 0-27 

0-1482 

2-62 

+ 108 





1 &7 

‘0-41 

— 

— 

— 

-— 




lt.;iii!g point of pure .olmhol r.56°; volume of alcohol Ih c,c. 

It 'Mil ]>e clear from the table that there is a lowering of the 
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Iwiliiig [mint of alcohol on aJiling either of the tltree lolu,, < 
lowering reacliea a maximum in the caee of orthoboric 
0 0:j.;7 gram molecule has lieeii a(i(le<l, and then amount* t. * 
in the case of metahoric acid it i$ 016® for 0 0261 gram e 
and for the anhydride it is 0 20® for 0018 gram moletuV ' ' 
values given in the table are shown on the graph (Pig j, . . * 
sake of comparison. 

Stt further liend or change in the curve was obaerve.1 ui. . 
(loint of saturation at laiiling point. 

The ([ueetiou of the compoaitiun of the distillate a.ii 


Fm. 2 Fir.. 3. 



exsmiucil. The method of distilling is shown in the sk.idi 
the aiiparatus. 

When sufTicieut lime had been allowed for the solute to 'b'"- i' 
completely and the boiling point had become steady, two ira i. ■ 
of the distillate each of .”) c.c. were analysed. The distili.iie 
treated with water, and thus in all cases orthoboric aial » ■ 
formed, which was titrated with alkali in the presence of glyor' 
The assHnijition was made that tho distillate contained, before 1’* 
addition of water, the original solute. In this connexion it I'liv ' 
remarked that it was frequently observed that after dislilbti :. 
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J Oiill <iuantity of aolid substam'c appaml in tlie luWs. He., of 
jpj>ar*tU8 aft-or thf alcoliol Imd ^va|Hirat<Hl. Tills was assurntnl 
^ ^'ih# origiusl solute. 

yijt following table gives tli# results obtaiiifsl, the streugtii of 
being ex|»r«ise<l in values of the particular solute 

^pioved. 

X separate eiperiment was carrie<l out fur each strength of 
itwn. not as in the case of the laiiling jMiints. wliere the exjieri 
i.,ats ill each aeries were made contiiiimus iiy a.hliiig [;iuressive 
^ ,;iiu[s of the solute. 


Tablk II, 

Original volume of alcohol, “a cc 


U,HO,. HHtV ll.u,. 


ft flit V 

Weight in 

Wmglit 

Wi'iglit III 

Wi-u-bl 

WlMglll II* 

.t 

Ut 

2iicl 

of 

HBO. 

Ut 

2nd 

uf 

li 1 ^ 

M 2iid 

H i'o, 

fraction. 


fractiuii. 

l> ,( /l 

ii<id(.<ti. 

fractinit. 

(> 

OOM5 

00322 

0-330<l 

lh04US 
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Th^se values are shown in tlio graph (Kig. It) fur <'<uii]>ari.son, all 
k‘ing expressed in grams of solute jht c.e, of sulutit>n. In 
; .urvo for orthohorie acid the dotted line slmws the coiirM' 

, li it is considered the curve sliouM take as no reasons can he 
fur the values j»ro<luciiig tlie break. They are prolnihly 
i*' \'i cxjjenmenUl error. 

On considering the two sets of mirves, the tirst for the cliangc in 
• . point an<l tlie second for the volatility of the ko1uU*h, it 

• ..i ’ne noticed that tlie maximum effect on the boiling jioiiit is 

by the solute of minimum volatility, boron triffxide and 
V. »• \rr.sii with ortholwric acid. In lioth cases the meliihoric acid 

• ' i|'i‘s a middle position in a general way. 

K^j»*nuieuts are at present in progress to oxtiinine whether the 
t cf the solute on the vapour pressure is dejiendent on the 
•''fijtralure, by means of surface-tension measurements and 
■ 'i-MiroriuMits of the heats of solution are being made. 

Th^ conclusions drawn from the work desiTilje<l aliove are as 
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(l l With certain small concentrations of orthoboric ac i , „ 
Inaric aci<ls and Iwron tiioxide, the boiling poinU of elhy! >; , 
elutions are lower than the boiling point of the pure »!vect 
(•J) The rnaainiuni lowering of the Ijoiling point is prf.lufTy,, 
til's least volatile solute, which also has the greatest sui,,,, ... 
effect on the boiling point, 

CJ) The distillate contains the original solute. 

Tiir 

M\y- Hi-.-ttitH. 


(j(;|,XX [.— KmiMijif of s-. 
cnrhnzoncs. Pad IV. Action of llijdr.., 
Chloride, 

liv FunsvTii .Iauks W11.30N, Isinoii Monnis Hr.ii.wn.s, i 
lUocrr. Mii.i.tN J£pf.s .SfriimasD. 


N the course of our inve.stigations on the preparation .ini 1 1 
ties of some .seinicarbazoiies it was found that the presence ,.i 
chloric acid produced colorations in solutions of some c.- 
siihslams's. As the seniicarbazoncs are, in part, ha.sic cm:,;. 1 -■ 
it occurred to ns that this development of colour mii;lit i c d 
to the formation of salts, and m fact e.spcriinenls iiislit.iM • 
.■liicidatc tliis point hhowe .1 that some of these substance d.. : : 
salts with acids. 

The following e.vpcrinicnts were carried out to detcrimii'' U' 
what conditions s.slts are formed, and to what estenl tnnr Md 

li„„ is inlluc.iccd hv the const, liilion of llie 1 

the most part the investigations have heen m.-de oil the l;y 
chlorides of the semicarhazoiies. Various methods were lidl ' ' 
the iireparation of these .sall.s, ami it was found that s|s c, 0 ; ; 
,,„ 1 , 0 „.S load to he taken against the presence of moisture ! ■ 
tended, ill the presence of liydroeldoric acid, to hydroly.se Hi" - 
carbazoue and give only the ald.byde or ketone and s..,„.c..i o 

livdrocliloriilo. , , 

'1,1 many cases tlie salt may lie prepared by dissolving to. . 
carliazone in dry ehloroform and passing dry hydrogN. <dr , 
into the solution. The difficulty in this case is that, .1 Uie ' 
unstable, e.vposure to air while filtering brings about dec. ..., 
ti„„, so that correct results are not obtained. The niost satis .- 
results were obtained by passing dry hydrogen chlorn e 'A| ^ 
dry suhslance contained in a U-hd>e and eslima mg 
of acid added. 
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^ j 1 3 motiifirHtiuri, Tlifs^ ix lut-ndt's liave itjlTt-rfjit hiflliiij^ 
^ 5 , Attd (hfft'reiit jiroj^rlits. a Pijn-ri'rivh<ieiu*.uriotu*siMt)i' 
J'^zune was exiHS^-l !« llie arlion «if .Iry hv.{r«‘^'f ii vhl> i i<le. ami 
j:.>tabSf» crystalline, venuiliru >•«/? ifiuaitiin^' ‘J iiu'ii'i-ular 
. , riwiis of hy<lroaen .hloriiie was ol-iaiiie-.l Tlii' niIi on 
,.;rt* to air lises hvilro^»eii cliliirnle, aii.l fni.tllv a slal'le. 

... •»* njOwoA i/ifrhtfiluruh, 

0 • iiftu'ftnium «itii 

r; if !\ stable, yellow unmohfjih' i'hh nth , .uni im lurthi'V .iii.ii 
..in be iiia<le to tills comjHTiiHl rvfii on «nntii!Ui4i jM"asi.‘ of 
. Ip a.*ii fJiloride owr the drv mU. A slight . iit nilnur i- 
.„p.vd. but no addition of avi<t. 

(';!jli.-iinii!dehvilcseniicarlKiEone whs ne.yt j>rejaji'<l, Tins m’Hh 
exliibits interestiii;; |>liotot|-oj>i<- propel ties al'irr rspoMiu' 

, lij^iit. th( treating this suliNtamv with hvdrouo'ii eliinri.ie 

• . .;iiltjiies with '2 molecular projiorlions of hy«lropMi chloride, ami 
.r. ,»n exceedinclv unstable, deep oraiiire tu.ih jnifnt/. A fidj'lhiti 
■ n,;- vinicarhazune was also pivfMrcd. uhuh coiit. lined one 
. ri.il.ir jiroportion of sulpliuri-- a-id. The sulphate is hrijjhl 
: a. ami stahle in ordinary air. 

(';iiiiHnaldelivde>omicarlMZone. an misaturated onmpoiimi, iiiil'IiI 
. .v.'“‘ted to comhiiir with livdroorii ohlonde at the dmihlf bond. 

. ,t tliat tlie un.'^iluiated n.ituri- <if the siilotauce wmild 

the formatioji nf .ui .oMiiive c.rHipoun<i. 
l !.' i rem’iice of a phenv) oroup in tin- seiMic.irbazide r.idn le evi 
y tiilhicnce'. the absorption of hvdi*'::eii <h!'-nde. |or il was 
. ..i that It’i'h jifit II >/ht inii'<ir^"ii"i.t umle'j with niily 

;«-iuiar prc|ioitit!n ol hvdi'ii'*ii chlondo, the 
' thn-s oi-t.ained beino y.dhiw, tin s aturatiiii,' nnnatiiahlo 
- I'i.' livKciiiit arhazoije with lu'mdne .i ihfimini'h , (’,.11 'N ,H*' ■ 

' rmnl. and thi.s snl»stana* diies not combine with hydrnaen 
•/!-■. The addition of hll'lfiine fhi’lefore plevilts salt lol'liia 

A -r ..,/,/o//o;-derivalive was [irepari'd from tins diluomnie l-y 
?;.■ with alcohol, wlieii liydrooen liromnle was evolvivl .unl iii<ii:'i 
- ,u‘ fii/nihh h ijili jiJn U'/I't ini('tirhii:-nii , ( 1 i j/ IN dll', ol>!aimi|. 

• <' riipound comljnes iapi«llv witli hydn'^'oii <hloiide, L'ivine a 
. ,f v'liow 'III' conlainiiij.' one moief-nlar |irop( rtioii ol liyilroei ii 
I. !•'. till jirepariiif' nmnoliroinocinnaiiialdelivde, and I lien for a 
. b,.. pheiiylsemicarhazoiie and pa.^'iinj; liydni^eii cfilojitle o\ei 
• ’ fnp'Mind, a ihh.fih<n'hhiriih is oblailiefl, \vhi<'h is e.\n‘e<iiiii;lv 

all the liydrogen cliloride bein^ lilieratetl on e.v[i(iHHe 
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Simple seiiiicarbazone#, such as acetoiiesemicarlazone aii i 
plit-fivliseinlcarhazone, also absorb hydrogen chloride, hut 
iji develo[>ed ; the suUUnces remain white, but lose their i r , ■ 
stru^'ture and fall to {Kiwder. Acetonesemicarbazone fore > 
paratively staide inonoh^drocUoridef whereas the 
hydrogen chloride to acetonephenylsernicarl}azone reach*-^ 
trtuin when one and adialf molecular pro{>ortions have 1.^- ■ 
up. ThU salt loses hydrogen chloride very rapidly, Wo?';.: 
stable when half a molecular proportion of hydrogen cl ; r 
Ijeen lost, that is, the nio/oth^ilrofhloride is comparativvy 
Acetophenonesfiaicarhazoiie and acelophenonepheiiylsein.! 
were also examine^l, as these contain more phenyl grout s 
molecule, and might be exj>ecie<l to react differently. T; . . 
stances combined very readily with hydrogen chloride, iu,. 
each case, a yellow dthydrut hbirnh, which is exceetlingly u: ' 

A simpio aromatic ahh-hyd'>-semicarbazonc. such as Im i::. i! : 
somicar)>azohe, reacts also with liyflrogen chloride, giving ;i 
hifdrurhhindr, which is comparatively stable and only 
coloured. Ilenzaldehydephenylsemicarbazone gives a y.u! 
hi/dror.kluridry whicli is very unstable. 

From the results obtained it would seem, hrsl. that t'..' 
hyflrocliloride.s are for tlie ino.'it part more stable than iL*.- u 
cliloridns, and, secomlly, lliat the introduction of a pheii'.; 
into tlie ba.sic part of tlie molecule of unsaturaled seinKarh 
({iniinishes their capacity for addition «'f hydrogen rli!(»nd<\ a 
ill the (M.se of the s.'itiirated semicarlmzones it increases this • : 
This is shown bv a comparison of cinnainaldehydesiUh.^ 
dihydiocldoiudi* and ciuuamaldehydep)ienylseinicarliaz"i;i- 
hydrrK'hloridfi witii beiizaldehydesemicarbazonc moiKihy*!: ■ 
an<l beuzaldehvdephenyl9<'miearbazone dihydrochloride. 

We intend to extend these iiiveatigations to a larger lai :. 
seniicarbazones before giving our vh'ws on the po.ssib!e i',, 
structure during addition of acids to semicarbaznius, Icn 
cuuistances liave ari.Hen whicli render the contimiution <ii t • 
impossible for tin* present and as it is uncertain when it 
cunijdeled it was thought advisable to recortl these re'tiltv 


ExI'KKIMENTAL. 

I‘iprrot'ylhlnit tirrtontsrfnir(ir^>ti:>nii >. 

Yellow piperonvlifleneacetone was pre[>ared according t ' 11 
metliod {Her., 1891. 24. 618). flaljer recrystallised In.- i 
from alcoliol. in whieli the substance is sparingly soluM’-. 
wa.s found more convenient to use benzene as the ‘•olvi i.:, 
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sierfowompric pipprouylideiiPAi'^ton# waa also |>rp|>areHi Ly 
jUber s method. 

J ffmifarhazom waa prepared from eacli ketoue in tJie usual 
prf, aud crysUlliaod first from aU'ohol ami tiimlty from ehloro- 
It was found that tlie two siereoisomerio ketoues gave cue 
the same semicarbaioue, melting at ami a inixluro of 
Pi.4ucU showed no depreesioii of the melting point; 

,-,,.'(1 gave 2915 c.c. at 16’^ and 7d(i a mm. N Id 8:). 
CjjUuOjNj re<|uires Nj-K 0 jwr ivnt. 
v'micarbaioue forma white crystals, whicli are insoluhh* in 
fairly soluble in hut alcohol or thlorofomi. 

W'c iicsiguale this eemicarbaEoue as the a tuo<lific!ition. 

(.hi hvJrol)'sis with hydrochloric or acetic ac'id the sc'iinciuharone 
the yellow modillcatiou of piperonylideneacctone. 

A ».‘lution of this osemicarhaioiift in alroliol was exposed 
, -'{,j violet light for thirty hours. The alcohol was Mien eva]H>rated 
tie' residue fractionally crystallised, first from water ami 
. j.iiiy from beniene and Tight petroleuin. He&ides unalteri'd suh* 
j’.iiivr there was obtained a fairly largo iju.intity of a crysUlliiio 
.jo^tiiue melting at The suhslaiice crystal li.scs in creamy 

which are more readily suluhlo in chloroform or alcohol 
• .ui ihe a seinicarbazoiie. We <lesignate thi.s jirodiict the 3*modi' 
since analysis showed it to have tiic &iine conijHisilion as 
' . fl itiodilicaiiou : 

' Itou gave 20'5 c.c. N;, at and 74(1 mm. N Id 9-1. 
Ci.dIjjOjNj requires N 17 0 per cent. 

.\(l<!ilion of Hydrofftn Cfihiridr fo llit a Moihfii'fifion, 

Tii«' reaction was first carried out by pa.ssing dry liydrogeti 
' fs l'’ into a solution of the subsUnce m dry cliloroforni. A 
orange precipitate separated, which was (•(jlh‘i'le<l and ilrinl 
. .1 porous tile. This substance was very unstaliio, and easily 
' Kiposcil by moisture. To determine the ainount of hydrogen 
rul*' with which the semicarbazone ha<l combine^l tlie sulmUnce 
w'lfined with excess of standard alkali, and the rc-Hidual alkali 
' willi standard acid. The results varied with each prepara- 
li. hut approximated to a compound of the formula 

to (he unsatisfactory nature of the results obtained liy tliis 
‘hii'd the following procedure was finally adoptc<l. 

A U lul>e clo8©<l ])y means of glass stop cocks was used, This 
U'lihe was specially coiistructe<l so that tlie sub.sUncc can bo 
‘ipi-w'i lo tlie action of tii© gas in thin layers. For this purpose 
uf the ordinary tube of long limb and narrow bend the 
‘oL CV. y D 
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liiiiU of til# U-tube were 8 cm. apsrt and the limU only 5 
length. ’ 

The tut* wa» firat filled with dry air and weighed (*ei»i;| 

Dry hydrogen chloride was then led into tlie tube until the 
wa» constant (weight=4). The hydrogen chloride was tii,u ' 
placed by a current of dry air, and a quantity of ih,. 
carbaione introduced into the tube (weight of tube + semif ,,, ,, 

• air: c). Dry hydrogen chloride was then passed thri . 
tube until the weight was constant; this was obtained v, 
several days. The till* was then closed and weighed, .ti 
was a ]>o»>ibility that the hydrochloride might lie uiistai !, , 
the atmosphere of hydrogen chloride was not displaced, tsu; , 
rection was made for weighing in such an atmosphere. 

Thus: Weight of tiilie + hydrochloride + 

hydrogen chloride =</. 

Weight of semicarbazoiie =r-n. 

Weight of hydrochloride 

Weight of hydrogen chloride added {!, ,, i 

0'3040 semicarbazoiie gave 0'4198 hydrochloride. IK'l 
27o8. 

C’|,H,;,0;,N',,2}1IC1 reejuires 1!CI = 2C'93 per cetit 
This mh forms hrighi, vermtlion coloured crystals. The 11,^11:1 
point was imleliiiite, since ileeomposition takes place on li'.iio!; 
this occurs at about 125—140“ 

If this salt is exposi'd to light for some days in the tube in wi; 
it was weighed the colour changes from vermilion to deep i,r.,! .. 
without change in weight. In order to prove that the (■li,iii:i' ■ 
colour was not due to slight loss of hydrogen chloride, ludr',' 
chloride was again jiassed over the substance, but the orang- o v ii; 
remained uncliaiigi'd, and the weight was not altered, tin 1: 
longed exposure to light the orange-coloured salt acquired a gr- 
lint without change in weight. The vermilion colour » i.t ; ' 
restored eitlier on wanning or cooling the substance, or on kec: . 
it in the dark. The exjieriment was rejieatcd, the semii iiioi 
this time being suhjerteil to the action of hydrogen clilorid" in i ■' 
dark. The same absorption look place, and the vermilion ph u:- 
salt was again obtained : 

l)'22.54 seniicarhazoue gave (I'SIU hydrochloride. IK'l I'i i' i 
2"-(;i. 

*^T;^Ii.sb7,'iNj,2I]ICl requires HCI-26'93 per cent. 

This salt on exposure to air at the onlinary temperature r.i| : i 
evolves hydrogen citloridc. A sample of the salt was expi r'd ■ 
tlie air at room temperature until, after drying in a desioMi;: 
the weiglit was cou3t|nt. For this several weeks were reijinrt’ 
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suhsUnce so ubUtiuNl was oraiijj^. htil not so doop In oi4our 
^ th? orango salt, just tut'utioutvj. Analysis 

th* produit to be a moHoAyi/nifJ/on,/^, 

Til, whaUnee was wariue.1 gently witli ex.^ess of .V 20 alkali, anO 
rrtiaual alkali, after filtration, titrated with .V iOsulphurie 

,tl534 required U'4 c.e, .V/20N'aOH. Ht'l 13 ri2. 

reiinires lU'l 12 8:! per iviit. 

Till, orange nionohyilrecliluride is only [laitlv (heoiiiposecl by 
,,i,r. but ta completely decoinposisl by dilute alkalis It is ajipa 
.jjillv quite stable in ordinary air. and in a ilostiil tnlx' it iiiella 
, 5,1 .ifoomposes at 173—175°. 

Tile residue obtained by treatment of the inomibydrtvbloride 
,.(ii alkali was reerystallised from alcohol, and proved to be the 
j triincarbaione. 

.UUition of HySrogfn Cfiloriitr to the ^Scmtrnrhftioiie. 

A solution of the /B-aemiearbazone in dry chloroform was aatnr' 
,>,si with dry hydrogen chloride. A yellow, crystalline jirecipil.'ile 
xecrstcl almost immediately, which was collected, waalied with 
r loreiuriu and light petroleum, dried on a jiurons lile, and liniilly 
.a ,t desiccator. This substance was analysi'd in the way already 
i.'B rilie<l, and provcil to be a moooln/tlroehh'riilr ; 

■i.'l.MO required lO'S e.c. .V lONaOIl. IIL’l -13'3. 

C|,JI|;,OjN 3 ,IR '1 require.s llt'l 1'2 !) per cent. 

The nioiioliydroehloride is canary-yellow, melts and ileroinjioses 
If'/J-. is stable in air. and fairly .stable tow.irds water. On 
.eiiposition with alkali a while sidistance was obtained, which 
I'. rrvstalUsation from alcohol yielded the a inodificalion only, and 
■! the fi-raodification. riencei in this way tranaforni.il ion from the. 
o into the a-raodification can Ire ellected. Thus : 

I'ljerriiiylideneaeetone (white) , 

^ a l*lpcronylldene:o’elolll' 

, seinicarlia-/.one 

I’lieroiiylidencacetono (yellow) - 


i 

.3 1'qieronyiideneacetone- 
aemicarbaaone 

I 

3 1’lperonylideneacetoiic- 
>«iiirarhawne-)- IHCl 

n . 'I 

s 1 qeronylideneacetone- 
seuiicarbazone. 


a Piperonylidenoaretoni'seniicarbazone 
-! 'JUil'l 

* 

o-Piperonylideneacetonesemicarhazone 

+ 11K'I 

I 

a-Piperonylideneacetoneseinnarhazoue. 

9 u 2 
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111 order to determine whether thii mauohydroclilorii!>- 
tombiiie with more hydrogen cldoride a weighed quant, t. , 
placed ill a U-tulie and dry hydrogen chloride paaaed over • >• 
increase in weight took place, but the substance acqtiireii , 
tinge. 

CintnmalJekjdaemuarbatonf. 

This compound was prepared according to Young and \V;ii 
method (T., 19(J0, 77 , 23U). It is white, and, if frewhiy |,ri-; 
iindergiKs no change of colour in the dark. If, however, n . ,,, 
Bx|io8ed to liright light, which produces no visible effect. :r. i t , 
placed iti the dark, a yellow colour is developed. Tim 
colour disap|>«ars on re^itposure of the substance to ligiit 
dently the freshly prepared substance must 6ret be maile i 
exposure to intense light before phototropic properties .a- ii,,> 
veloped. Further, if either of the active forms is recrystalliv .i 
activity disap^iears, and exposure to bright light is again tn-.rust, 
to develop phototropic properties. These three modilicali' ..j 
possess the same melting point, namely, 217°, which is inj'iuiv 
liigher than that recordeil in the literature. An alcoholic ; n: 
of llio semicarliazone was exposed to ultra violet light (nr t;. n, 
hours. The solution was then conceiitMted, and the rMnlii,. jr,, 
tionally cryslaili.seil, but unaltered substance only was oliMii,".! 

Atiflition of Ilyiirotjnt CUhtridf to thr Sr?nienrhiiito:f. 

Owing to the sparing solubility of the suhslanoc in .d! 
solvents the reaction could not lie carried cut in solution, .\a : . 
ingly a weighed quantity was placed in a stoppered Utnhi' i.f id. 
form already descriiicd, and dry hydrogen chloritle passivi ,, 01 1 , 
seinicarliasone until the weight became constant. The i:. 
cautions were taken as in the previous experiments, tlie sii!.'i,i;i^ 
lieiiig weighed 111 an atmosphere of dry hydrogen chloride ,ii; i . 
correction made for the difference in weight of hydro, d o • 
weighed in hydrogen chloride and liydrocliloride weighed in sir 

0'4148 semicarbazoue gave 0‘u820 hydrochloride. IK 1 .oMo: 

2ST1. 

C,un, 50 Nj, 2 nCl requires HC1 = 27-8G per cent. 

This salt of cinnamaldehydeseniicarbazone, which is fvi.hnl;; 
dihydrochloride, is deep orange, and very unstable. Moi't . 1 .. 
immediately decomposes it, with the formation of a visii l ' 
pound. During the prepar.alion of the salt the semicarhiizoi r. 
first passing hydrogen chloride over it, partly fuses, chang. ' . ■ ■ 
to yellowish-orange, and finally the substance liecomes p. * 
and assumes a deep orange colour. 
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tho dihydrochloride is mistalde in ordiusry moist air it was 
ifsadftrFd from tho U-tubo to a woigliiti" laittlo in dry air in 
the saJt is comparatively stable. A iiieltinj point tu1>« w.as 
at the same time, seated, and tlie lueltinp point found to be 
jd-. decomposition also occurring. The .Apparatus lists! was a 
but very efficient arrangement, which cualdotl u> to work in 
Ira- eir with comparative ease. 

,((/i/i7ion of Sulphuric Acid lo CiiiiiamuliIrhmltsrmUiirhiHitiir. 

,A i|uantity of the seiuicarbaione was rublwl into a p,aste witli 

iitTutrated sulphuric acid, when the miAture bfi-ame oily ami 
Dry ether was added, the mixture hoing kept ctio], then 
.a»t .'Ulhcient absolute alcohol to bring tlie wliole into soluliou, ami 
jjif mixture placed in ice. On keeping lor some time yellow iieetlles 
rislallised from tho solution, which were eolleeled, washetl with 
jry light petroleum, and dried first on a porous tile and finally 
,n .1 desiccator. Analysis showed the compound to lie a salt of 
wlpliuric acid. The analysis was comlucted in the same way as 
111 ihe ease of the hydrochlorides, namely, the wilt was warmed 
,ilh f.xceaa of .V/lO-alkali and the residual alkali titrated with 
.V 10 acid: 

ulM'J r«|Uired "didfi c.c. .V;10alkali. Ih.SO, iiOlVJ, 
t'i„nnON 3 ,lLSO, requires II..SO, .'it 1 pi-r eont. 

of Ciniuiutuhhhiiilf jih* ui/Ur . 

M 'lwiilar quantities of cinnamaldehydo In alcohol and of phenyl 
.riiiiMrliazide hydrochloride in water were mixed. The solution 

• I one deep orange, and a preeipitate ininiediatelv I, which 

CIS cm! led ed, w.ashed with water, and cryslalli-wd lirst from alcolnd 
0 . i iiii.illy from a mixture of rhloroforni ami light petroleum. 

Ti:e fhriiJiUfmirarhiiiniir ery.stallises In while, felled needles, 
'■ ■'ong at UOfi'’. U is readily soluble in ehh'roform or hot alcohol, 
0:1 prartically insolnhle in light petroleum: 

" -'"1 g.avo 27'2 c.c. N.^ at 12° and •751 mm. N 15 '.t'i. 

CiflHijONj requires N ^ l.u'SI per ei-nl. 

The liohaviour of tho phcnylsemiearhazono towards light, is 
■■xwlly tho same as that of einiiamaldehydesemicarhaxfnie. 'i'he 
:.'''sh!y jirepared substance is not allerli'd by light or ilarkness, hut 
:: :: :> exposed to bright light and then plaeed in the dark a deep 
v'-ilMw colour is lievelopod, which disappears on again exposing lo 
sent Rise of tompeiature aceelerates the conversion of the white 
.n 1 .. the yellow modification. Thus on exjiosing a siimplo of t.lio 
o.’lourlcss, inactive modification to light aud then placing in a 
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clowil st«am oven the yellow colour becorae* apparent alino.i , 
iliately. If, however, the preliniiuary eipoaure to light u ,,, 
no change of colour i» cIcvelo|>ecl by heating the aubataiur ; . 
dark. The melting poiiita of the three modificationi. ,, 
aame, namely, 2<J5^ 

A chloroform solution of the phenylaemicarlaione was , w , ,, 
for thirty hours to ultra violet light. The eolution was i 
exainiueil, but only unchanged substance was obtained. 


Ailtlition t/j llydrotjrn f'hluriile to Ciotuimoltlfhytir phf 
lemiearbasone. 


A coiiceiitratesl solution of the phenylseniicarbaruii.' „ , 
chlorofonn was saturated with dry hydrogen chloride. A , 
crystalline preci(iitate soon separated, which was collecteil, a .. . 
with chloroform, and dried on a porous tile. It was aiia!\y i ; 
the usual way, and foiiml to In: a monokydruMuridr : 


U C46."i r«iuired 20 9 c.c. .V lo N.aOll. IICI 11 

C\,lI|,ONj,lICl requins IICl 12 11 jier cent, 

The hydrochloride is canary-yellow, stable in air. and ; : 
stable towards water. It melts and decomposes at ICl- ld, 
the semicarbaione of ciniiamaldehy<le formed a dibydrwlib t; i- v 
paSvsing dry hydrogen chloride over the dry substance 
thought that the plienylsemicarliaaone might react with .i- i •: 
molecule of hvdrogt-ii chtorifh' if exjm.sed to the action oi 
hydrogen chloride in the dry state. Accordingly, a quantity . i t - 
monohydrochloride was placed in a U-tuhe and treatisl as .or- . . 
described in the preparatioii of other hydrochlorides. Au.-r " ■ 
gas had been passed over the monohyilrochloride for wvcr.i: 
it was found that no increase in weight had taken |oi'-, 
suli.stancc remaining a monohydrochloride. N’o change in - 
was olistnved. .Starting, however, with cinnamahlehvdcphciiy - 


carhaaone (white variety) and passing hydrogen chlori'lc '-..r : 
dry substance, the gas is rapidly taken up, .and the colour Ic- - 
ilcep yellow. After pasrage of the gas for one week the |icr' ' : ' . 
of hydrogen chloride absorbed was ftjund to be 19 72: tinr' ' ■ 
weighing at intervals the hydrogen chloride content .ippe.o'n ' 
diminisli. and after passage ul the gas lor thirty eight hi}- 
percentage was foniul to be 17'4. After this the coinpontni 
tinned to lose hydrogen chloride, but at a very slow rate, an i •' 
continued passage of tlie gas would probably approximate to 1- : 
per cent, or I molecular proportion of hyiirogen chloride. 

On exposure to air this liydrochloride again gives the -ic 
inoiiohydrochloride : 
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(r.’'14 required 6 » ee. A, 10 alkali IK'l U T9 

C|,HjjONj,HO requires IR'l I'J !1 p«>r Afiit. 

jjj th« wUow iiioihrufitiikii of oHmaniiiMeliyi!(*' 

p^iivls<‘mic*rba*uue waa «poAe.i to iho action ol .Iry liyitrojien 
in the dark. The yellow i-ompouml formed was slii^lilly 
i*rkrr 10 shade than that from the white imKlihcation. and it also 
a maximum addition of liydro|;eii chloride. The imiximuiu 
teu days in this caee was 1946 per cent. Tim liydroi;t'ii 
ak-rjde couteut dimiuislietl iimcli more rapidly, and in thirly- 
, .'ht days fell to 15‘15 j»er cent., a;;a>u an approximation tt> 

! ;i,,i!rcular pro|X)rtion. On ex[msun* <<> air tins hvdnvlil«iridf 
j-nri!, hke that of tim while tnudilicatmu. a inomdivdro 

.hicnde : 

rcqiiirwl 7'4 c.c, .V 'lO-NaOII, IK'l 11 
t’lJlisONa.HCl re<|uires llCl I'J 11 per cent. 

.\iIJilwn fjj Snlphurif ,lr*<f to Cinmtiitniffr hf/'h filtt in/l 
tmiicorfuttoiu 

‘I'iie p(iea)'ist‘inicarl)a/.one tvas mixed with .« sinitil i|nanlity of 
. -n-rnlrated sulphuric acid, alcohol added until the siih, stance dis 
and the mixture ccnded in ice. After a time yellow crystals 
which were colUrleil ami recrystallise<l from j^dacial 
vYtic acid. The suljdtalo was analY.'a'<l in the usual way liy heat- 
with e.Kcess of slamlard alkali and tHratin;^ the re.sidual 

.Isdi : 

o liX) requireii IIT c.c. .V ■ K) XiaOH. 11, SO, 

reipiire.s ILSO, 'jd 99 per cent. 

Tile sulpljale is a lirilliant, yellow cnlunrcil powder, .stahie in air, 

: ’.It easily decomposed by cold water and diluli‘ alkali with tlic 
: rto.ilion of the phenylscinicarhazone ami sulphuric m id. 

rr> jfiriilion of a /fihniiiiuh of jihi mj! 

st'mn'tirUiizimt . 

Tile theoretical quantity of dry hromine in <lry cldoroioriii was 
vi'i'-d to tiie piieiiylsejnicarhazone di.ssolvorl in flry cldorofonii, 
il l die mixluro was allowe<l lo remain for half an lionr, wlieii 
ervsUls l>egan to ap|>ear. When all the snhslanre liinl 

rvsi.Aliiserl out the crystals were ••ollected, dried, ami rerryslallised 
d'lii (hlorofonn. The siibstaiice crystallises in canary-yellow 
latiilcs, whicii are very sparingly soluble in chloroform, ami melt- 
'‘t )x7'. Analysis sliowed it to be the dihromoft of cinnaniahlc- 
i.ymplifnylsenurarbazone : 

M I'lH) gave jj’i p 3 ^, ipp ami 754 mm. N lO H. 

CjjHjjONjBro requires N-9 91 per cent. 
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Thi* dibromide wu iubjected to the ection of dry i. 
chloride, but no addition took place. EridenUy the d" .r „ , 
doe* not form a hydrochloride. Alio on treating einnama: , 
phenytiemicarbaione monohydrochloride with bromine in . ; 
form lolntion and adding light petrolenm a yellow pretir 
obtained, which coniista of the dibromide of cinnamaldeliyifi , 
aemicarbaione. 

Preparation oj a Monohromo-derivative of Cinuamol>l* 
pkeni/tumiearbatont from Ike Dibromidr. 

It wai found that on recryatalliaation from alcohol the Id r- ■ . 
wai decomposed, hydrogen bromide being liberated and ,i .. 
substance melting at 168“ cryitallising out. Some of the . m,,. 
aldehydephenylsemicarbaioiie dibroraide was therefore 
alcohol until dissolved, then diluted witli water, and tin. j .,,,:, . 
allowed to crystallise! 

0'20(} gave 21'05 c.c. N; at 12“ and 739 mm. N - 121.i. 
C„n„ON 3 Br requires N = 12'20 per cent. 

The substance obtained is therefore a monotrom/wbriv iii,, . 
cinnanialdehydephenylsemicarbasone. It crystallises in -n. , ; 
colourless, glistening needles, which after several i-ryst.illi.,:!. 
melt at 195“ It is readily soluble in chloroform, benseiie, ,.r |. , 
ing alcohol, but practically insoluble in light petroleum, 

.{(liHlioii of lliidroijni Chloride to Ike Monobromfidirn i'i > ■ 
C innamaldehydr pkentjhrmicnrhaioor , 

A weighed quantity of the moiiobromoderivatlvo w.i.s n ni 
a U tube and subjee tc^yo the action of hydrogen chlnrid'- r. ' 
manner already described. Reaction took place imineib.itt ly, 
a yellow salt was produced. Passage of the gas was cniitimnd .i-.’ 
the weight became constant; 

0 6624 inonobromo-derivative gave 0 74.58 hydrochbirid. lb 
added = 1118, 

CuHuONjBr.HCI requires UCl=9-59 per cem. 

The hydrochloride is bright canary-yellow, and fairly ;i.d 
air, gradually losing hydrogen chloride. It is partly di'o.ii:| < ■< 
by water and completely by dilute alkali. 

Preparation of Monobromocinnamaldekyde phenyls' miriir r. • 

Cinnainaldehyde was first brominated according to the m-u - 
describerl by Zincke and Uagen {Ber., 1884, 17, 1815i. T.- 

brominated product separated at once, and was crystallised ir. 
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^sol. H WM mixed with the necessary quantity of plienylsoHii 
in slcoholic solution, when the f>hfntihtttncfirfht:onf wpa- 
immediately and was crpUlHscil from alcohol : 
ii :’V) gave 26 2 c,c. Nj at 12^ and 745 mm. K “ 12 1 2>. 

CwHjiONjBr requires K 12 22 per cent. 
subeUnce crystallises in flat, colourless prisms, meliin^ at 
1 ^; It U soluble in alcohol or chloroform, but more leadily 
iu tli* Utter than is the monobromocompoiMul derived from 
ji;# dibromide. It is not identical witli the latter siibst.uue, as is 
by crystalline structure, solubility, and mchiiii: jniint, 

f-iJi.'oiii of Hydrogen Chhruh to the tibovr Motnibroruiirfhiuitn- 
aldfhg<IfphfoyUtmi(‘<irh(i:(mr. 

Hvilrogen chloride waa passed over a weiglied quant lU’ of tlio 
..^UtAttce until the weiglit became conslaiil. The additiiai of 
chloride took place at once, but wveral days liapMul 
-«!ore the weight became constant: 
o;')D22 phenyUemicarbazone gave 0*713 livdroclili»riilc. liC'l 
,^dd«i = 16*94. 

Oi5UnONsBr,2IlCl requires IK'l 17 50 per cenl. 

This dihifJroehloride of monobroiiKH-inuamaldcliydepiicnylscmi- 
uh.uorte is bright yellow, of a sliglitly deeper sliadc lluui (ho 
.. jirihydrocldoride of the inuiiobromocotnpouiid (ibtainod fniin 
,t;i.,ktii;diiehydeplienylseiiiicarbazono <lil>roinide. It is. Ihuvovit, 
•. uh more unstable, and on keequng even in a stoppered weighing 
-(de hises hydrogen chloride, the colour at (he .sime time dis- 
,iw-.iriiig. A portion of the sail was expi)S<*d (o (he air for some 
’ iheii dried in a desientur. and weighed. This (iaaliii<>n(. 
npeated until the weight was constant, wliieli coiiditiun was 
at the end of three weeks, and (lie yellow colour had 
ffitireiy disappeared. On titrating a weighed (pjantity of (he 
• i'-iaime with standard alkaj^it was fonml (hat the hydroiTiloride 
' > 1 l'i>i the whole of tho hydrogen chloride on exposure to the air. 

of Hydrogrn Chh>ride. to Acftonrfteriiir.nrhazunc. 

I'ry hydrogen chloride was passed over a weighed <|uatilit,y tif 
'•t.iiicsemicarbazone (rn. p. 187°) in the .niamter pn‘viniisly 
-i pled. Hydrogen chloride was absorbed at onec, and (he Ruh- 
fiiseil slightly, although no change in colour occurre<l. After 
» time tho subiAance became powdery, the U-tul}e was wf.'ighe<!, 
i':! increase in weight found to have taken place. Tlydrogen 
'id'iride was then passed over the substance until the weight 
fJK'Aiiie constant: 
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11984 acl'KjMMiiliearliazone gave I'SS'JO hydrochloriii^ ii 
added = 24’24. ' 

CiHjOKj.lICl requirea HC1 = 24'09 per cent. 

The liydrucliliiride i» evidently a monohydrochloride 
ohtained aa a white powder, melting in a doled tube at 1 ,.i < ■ .' 
It ii unstable in ordinary air, and hydrogen chloride is ufj ,j 
evolved from it. In dry air it is comparatively stable. 

■Iddition Ilf nydngen t.'/i/orw/e to AcftonephrnyUfnncir' • 

Dry hydrogen chloride was passed over a weigheii qu-u ti', 
acetonephcnylaemicarbazone (m. j). 157°) as lieforc until i[,.. , 

was constant. The suktance caked slightly on the first ad i ’ 
hydrogen chloride, but ultimately became powdery. No nd ^ 
produced, but an addition in weight occurred, showing tb. i . 
tion of a salt: 

11088 phenyhsemicarbazone gave 1'4180 hydrochlorid<’ !{i 
adilcd -21'80. 

C|,|l[|,()N:,,ll('l requires HCUdfi O'i |)er cent. 
t',„II,,,o'N5,UIK:i „ liei-22 26 ,. „ 

On e.vposure to air it rapidly loses hydrogen chlutide. 

Afitltli/in tif fh/droijrn t.'A/orh/c to Acftitjthrniinrjtfnitri;r’i::> . 

Dry hydrogen (dilorhle was passed over a widglnsl (|ii,iiiinv 

the semiearbiizono (m. p. 202°) as liefore. The i , , 

almost immediately and a yellow colour was developed. Tli" s.-:.'. 
increased gradually, but did not become constant, and the siib-i c . 
remained send soliil. and appeared to decompose. The .uueum . 
hydrogen eliloridc taken up approximated to two moleoul.ir jitei ; 
tions, init the cesnlts could not 1 h' trustcsl owing to tli,- ..en; t . 
condition of the sulwlauee. 


AdtlUmn uj llifdroijrit Vfdoridt to AfrtojiJtr lloni , 

carlifisonc. 

This coiupcmiid liebaved in muoli the .same way as l!;. - 
carbazone. Addition of hydrogen chloride takes place wilii I i-. 
and a deep yellow colour is developed. The effect of slroiii’ f ^ , 

was tried in this case, the tube king surrounded by ' 'f' 
dioxide snow. Kven under tliese conditions the substann' 
althimgh llio colour developed was very much less. In ih" ' - 
of this phetiyl.scmicarbazone the hydrochlofoli' sidiililled to t ' t 
ma.ss adiiering to the tulie. 

Two experiments were tricil: (1) Addition of dry hvir .• 
chloride at room temperature: 
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(.5932 phenybemicuWme gave 0 TSdS liyiirtvliluri.le 1K1 

»(lJ«i=24 02. 

CuHijONj.aHCl re<)uires HC'I L'l' .“it; |i(.r eeiil. 

I 'l .addition of hydrogeu chloriile at ihe leinjn>rslme ui solid 
dioxide ; 

phenylMmk-xrbaioiie gave 0 4094 livdioililoride. lll'l 
added =20 05. 

{./dtliea of ll^roggH ChlofiJr to Hfnztildthyiit^ooicuri 

chloride was |>assed over tlie seiiiuMrbiiZuiie (m. p. 
} in ihe maoner already descrilwHl. Tlje iN«luur from 

to greyish-white, ami alight fusion took jilna* on tlio lirst 
' relation of the monohydrorhlurult : 

UV-iS semicarbaione gave 1 OdKt liYdrtKhlnride. lll’l tuldwl 
19 - 45 . 

CgHjONj.lIC'l re<juiros lll’l 18 29 jM*r cenl. 
fae iiydrocliloride is greyish-while, iiielU at 199 ’, and is fiiiily 
ill air. 

of lft/dr<njtii Chlurult to HfuntUhhydr jthi iii/lst mi 
rurhui^ott'. 

The phonylaeinicarliazoiie was dissolved in <lry i-lilMjdfnrm, and 
drv hvdrogen cidoride passed through the sfdntioti. Tlio soliitiioi 
Irtanie vellow, and a white precijhlato f(»r!ue<l. whmli w;is (mllodod 
i An alniosphere of dry air, wasluHl with chlorofiinii, and dried 
;i a porous tile. A quantity of tliis was jdaced ni a dry. previ 
ijdy weighed weigliing-hotth*. the hottle weiglied, and (lie rntdeiils 
shaken into ex^'css of stamlard alkali; the exci'ss of .alkali 
iiii-r warndng the mixture was liirateil with stamlard arid : 

■i'.'VjS required 13'j c.c. .V/|0-N:iOII. Ilt’l IH'tjS. 

('ijlIi.-jON'g, ‘21101 requires HCl 23'1 jht n-iit. 

Tiiv livdrwhloride evidently loses liytlrogen idilori'le too rapidly 
' "II in dry air to allow of accurate extimatioii. 

Til*' ■‘iil».stance was therefore ex})os<M) to tim .o-tion fif dry hydro- 
.'■'t, rhlnride until the weight heoaino ronslnnt. Tim snlisliinco 
'••'.OIK- yellow immediately oij the passage (d the gas. iunl at tin' 
time partly liquefic^l. The final product was (loejj yellow and 
"■'’ll i«ili(l in appearance. 

iiwing to fusion having taken place a salisfacliry result was not 

• -Liined : 

plienylsemicarhazone gave 0'419G hydrochloride, HCl 
added 22-21, 

Ci(H| 30N3,2HC1 requires UCi~23 1 per cent. 
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Thia dihydrochlorid* if ytUow and cxeecdingly UQ‘t.iy^ 
decompoMf immediately on expoeure to sir. 

Annexed U a fummary of the compounds examined. 


Subeteneee uiveatigated^ ' 


Mob. Hll 
added. 


Colour of ad- 'Stabilitj 
ditivo product. ; pr 


a-Piperonylkleneacotoae- 2 Venoilion |vefy uo-u,.; 

aemicarbazone i focteij V..* . *■ 

: , "<«U« u" 

! HCL 

^‘PipcMrivlidenCAOutonoe 1 : Can^ry-y^lbw < Stahl.*. 

•emicarMione 

Cinn«maldehyd()««mi- 2 D^onuigo ;VniiUhl 

cftrb&ione 

CinnAinAkldthydephetiyl. I Canary-yuUuw .Sdibl.-. 

•HruicarhAeodo 

Cinnanialdohydaphoftyl* Xo . — 

lamkorbazano di- Addition 
bromido 

Monobrnfno-dorivjitivo 1 -Yollow ; Kairlv'.fai.i. 

from cinnAiimldeliydo- ullv 1 <.>. , ‘ 

phony laornica r b A z 0 n 0 
dihroraido 

Monobrotiiociniiarnalde- 'J hrij 4 ht yt'llow Lnsi.iM-, 

hyduHomiuarbuzttno 

Acolonogomicarbtttono I : No colour U'oiii|i.ir.t;,, ^ 

j i Ulllhlt* (jy. . 


itir. 

ActiU>m'pln’iiyli(*n«iciirl>- 11 No colour riiNt.ihl- . I • 
AZOttO ) . 1 - I ' 

11 ( 1 . 

Acftoplu'iioiiesomicarb- 3 YflKnv I'tistuM' , 

azoiio 

AcotopliciiOJH'phnnyl* 3 Yrllow riwi.it.hv 

floniicnrltazonf* (iiid«*tiiiiu-) 

lkmzal<lohydr‘.<^>niii'Arb- I <ireyiKi) Knirly ■‘t << 1 

azono 

lloruuldidiyduplioayl- 3 Yellow H.m > . ih:. j , , 

sciuicarbAzunt' .stn)>I". 
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,Cl.'(Xn.— TAc Absorption Speelra of Sulphurous 
Acid (iiul Sulphites. 

By Robert Wright. 

!( 1 != rii'OT p»P<T (tlii* Tol., p. 6fi9) (leAhiig with tho rolAtioii 
ill* absorption spectra of various sciils ami their alkali 
^ (be absorption curves of sulphurous acid ami smliuiii sulphite 
diiiwu. In view of the doubtful constilulum of iheso sub 
and as their light absorptive powers are so fuiidamenUlly 
jrifUt, the acid showing selective, and the salt only general 
sVri'rion; it was considered of importauce to investigate their 
1 case more closely. 

ItL.t.'iiiium sodium sulphite, prepared either from sodium hyilro- 
»!! sulphite and potassium hydroxide or from potassiuni hyilrogen 
.jijJiiU and sudiiun hydtaixide, gave a s)aylruin idontii'iil uithllml 
I sdiuin sulphite. 

.Must sulphites of the bivalent motiils are too insoluble to admit 
: iiivostigatiou; magnesium sulphite is, however, sparingly 
i.uli'e. and on photographing its Jf/ 100 solution it was found to 
j'.ve liie same spectrum as the alkali snlpliiWa. 

It .yyiiied possible that sulphurous acid might have a sl.ructure 
oaii'ir to that of the sulphoniv .acids, for it will be seen on refer- 
me to the paper already mentiunoti that benzenesulphonic acid 
,,'d iu lult both give a band in the same region of the spectrum, 
at at a greater dilution than sulphurous acid. On exarninnlion, 
•si'ViT, the sodium salt of ethylsulphonic acid was fournl to la) 
.iiaclinic, so that the occurrence of the barni in the aromatic 
cipoimJ must bo attributed to the phenyl nucleus, wliieli, as is 
»<-:i kmiwn, almost invariably causes selective absorption. 

Kiiivl sulphite, from thionyl chloride, was also exairuiuMi in 
.l.'iioiii: solution, and was found to I)© practically diaclinic at 
it In dilution 

, ■'lew, art and Macbeth, in an unpuhlislied research, observed that 
..■^e-oits sulphur dioxide gave a baml in the ultra-violet. It was 
lioTfi'-re thought advisable to compare this band with that of 
. |ueoas sulphurous acid. 

Tie investigation was carried out by means of the following 
■i p.cr.itus, A tube of about 2 cm. in diameter and exactly 10 cm. 
■eg h.is its ends closed with quartz windows. This observation 
' il lias two side-tubes, one connected with a source of the gas and 
(iilnT with a manometer and pump. The apparatus is fitted 
-i.ili three laps, one between the source of the gas and the cell. 
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one tieiween the cell ami the manometer, and the ihird 
the niaiioiueter and pump. All connexions in the apparau;^ ^ 
of glau. 

In using the apparatus, all the Ups are opened and tLr 
Bwejjt out by a stream of sulphur dioxide; the Ups are now . 
the apparatus is connected with the pump, and a series • f < > . 
^raplis taken through the cell at different pressures, w- , ^ 
observe*! by means of the manometer. Taking 2’926S gratiis • 
weight of a litre of sulpbur dioxide at N.T.P., the uormahi v . . 
ga.H tinder .tUtidard conditions is 2 9266/64 v ^ 
tliifknesH of I0t> itiin. of a gas the normality of whicli is t . 
corresponds wilti 4 57 mm. of A'-concentration. By a simil tr , ^ 

ynqueucits. 


:{o :l:» HI :« 40 42 4t 



l ull rUI Vi- - Sulfililir tliiiTulr iit ii>l\t/ton, 

,, ■i.i (/'tifoHn 9ttl)>hui tlioiiiir. 

Dftnlt „ = Alk'ili aiilphiUa. 

latioii the 10 cm. thicknesses at different pressures can he 
to liio corresponding thicknesses of *V-gas. The curve dra^Mi ir • 
these results is showni in comparison with that of aqueous '•nh-i • 
ous acid, and it will be seen that they strongly re.senili!i c :/• 
another; for aUhongh differing slightly in persistence, they .<rr. 
spond iu their positions in the spectrum and in the thirkri»i<p*> ii 
which they occur. 

A few comparison plioiographs were also made, using .dr . 
diluent. For this purpose the tube was filled with gas as Uf 
the pressure reduced, and a photograph taken; air was i-* 
admitted to tlie ceil by raising a tap out of its seat, and <a ^ 
exposure made. Since the gas in the cell is under less than at: 
spheric pressure, it cannot escape during tliis process, aud sn tf ' 
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expofiiire is mailt* lliroiigli (lie same niiiounl of sulphur 
j.Miile « th* ““'y* **•<“ '“SC ii is illluted witli air 

of Wng ““'ior diminislitsl pressure. In the halftloien 
(lEspsrisou* made no differenee otiuld lie deteoteil U*lween the two 
*ts of photographs. 

^ 1 ;,' result seems to iudiodto that aqueous sulphurous m u] consists 
oi unconibiiuxi sulphur dioxide molecules. The solution was 
jjjtt examined 4t zero, hy surrounding the tvll with ii'e, in order 
,,, ftf it the lolution of the crystalline compouinl which st‘para(es 
ih:it temperature gave the same styectniin as the sulnlinn under 
riiiinry wndition?. No difference in tlje two sjKVtra coul.l he 

Jfievleil. 

yrvni this work the conclusion may U* tlriiwri that an jutuefuis 
of sulphur dioxhle consists to a large extent of uncoii(hine«l 
nielt*cules. 

guss's Uh’iveusnv, 

Ili^i.rAsr. 
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Composition of Mid ConUaentsl (Americsn) Patroleum 
^ W. Busbo-Sq (/ lU Jing. tW, I9U, 6, 888-990), -Crude oil 
!>«« “>» Alluwe Oil Co., OkUhome, wus eubmittod to 

(nruonil disUllaUon, the frections being collecled .KeiMrelely tor each 
iifertoee of J°in the boiling point between GO^ and 300" ; the pliyaioal 
,^nw of theee fractioni are recorded. Ttio total g.a.soleuo fraction, 
j, p, 1(1 to W, amounted to 13-77%, and the keioseuo fra.-tioii. b. p. 
lie- to 30(P, to 28-80'% Oronidce were se)«rat«d from some of the 
baetiune eitnilar to those obuined by Molinari and Keuiiroli from 
Kaakn and Roumanian petroleums (A., 1908, i, 933), w. I>, s. 

A CrysUUine Oompound of Isoprene with Sulphur Dioxide, 
t; wBaL-i8(/’roe. K.Akad. H'etansci. .tnisWuw, 1911, 17, ,785 -580). 
.-When isoprene is mixed with an equal volume of liquid aulphur 
iiuiide, a crystalline substance of the composition CjHj.SO,. separates 
liter one or two days. It may be purified by recryslallisation from 
ahyl ether and melts without decomposition at 62-5". According to 
rwiiog point measurecients, it dissolves unchanged in bentene. When 
luiolvk in carbon tetrachloride or ethyl ether, it is only slowly actod 
a by bromine, but reacU quickly with alkaline potassium jirman- 

II. JI. U. 

The So-called “ Acetone soluble Phosphatides " Hutiii 
lli<l,Ei.v {Diodum. J., 19U, 8, 453-459. Compare Ktiiiikcl and 
'sri, A„ 1909, i, 620).-The author shows that the so calloii acotono- 
olublo phosphatide obtained from the heart of the ox is impure 
[Ciihin. The lecithin can bo separated from the accompanying fats 
fatty acids by the addition of a sm.all amount of au electrolyte 
arhaa calcium chloride to the acetone solution. Tho precipitate, when 
enficl, haa all the reactions of lecithin and is insolnlde in acetone, 
'cs author considers it probable that all the acetone-soluble pbos- 
hitides described in the literature consist of lecithin contaminated 
tiih a nitrogenous impurity. K, jj 

Brain Kephalin. I. Distribution of the Nitrogenous 
iydrolysis Products of Kephalin. 0. (!. JUcAiirauR U. Amr. 
4«bi. line., 1914, 36, 2397 — 2401). — An account i.s given of a methoil 

extracting kephalin from sheep’s brains and tho hydrolysis of the 
roduct. 

Ihe hydrolysis was effected by boiling the kephalin with 1% hydro- 
alone Kid for twenty hours. The nitrogen in tho residue was 
mmated and is referred to as “residual nitrogen.” Tho ammonia 
iirogen was estimated in the usual way, tho total amino-nitrogen by 
of the amintwipparatua described by van 81yke (A., 1912, ii, 
“‘•■'•'’geo by Kober’s copper method (A., 1913, 

. The results were as follows : residual nitrogen, about 0-2M : 

evil, i, 4 I 
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uBEDoniA oitrageo, iboat AOUBO-AlMbd ititeogtn (diS^ntf, 

t»tWMD tb* to^ amioo-oilrogeB aiul the unina^dd nitroges), u 
and amiDo acid Ditrogen, 0 40%. 

Kepbalia ooDtaiu oeitber cbolioa nor naariiie. Ordbarp kcphCjt 
coDiUte of at leut two kepbalioa which coDtain the huger pro(*ni.^ 
of their nitrogen in the form of amino^lcobol and 
reepectively. K i; 

Action of Selenium Bromide on Idagneaium Alkyl Cos 
pounds. A Piuu.M and C. Cou (GuixeUa, 1914, 44, ii, 34i _ 3 ;;. 
— AttempU to introduce telenium into hydroiybentonilriSe uj 
hydroxynaphthonitrile, etc., by treatment with hydrogen •olcDide, itj 
into oxanitide, by heating with phoephonu pentaselenido, «rte 
uneucceeefut, but it wae found that eeleninm bromide reactji 
organo magneeium derieativee. 

With dimagneeium acetylene dibtomide (compare locitacb, tliis 
i, 403), the reaction doeit not follow the normal courae, but secmi to 
ceed according to the equation: SSlgUr'CiC'MgBr + 4Sje,BrjT 2H i; , 
011-Hc'CiC'ije'CiC'iSe-t’:C-Se-()ll + 6MgBr, + He, + 2mir. TU um 
pound ihua formed waa obtained only in an impure condition aa a brvac 
powder. 

With magneaium ethyl bromide, the reaction takea place as lolluai 
(1) Be.^Urj + 2 MgEtlir-Se 5 Kt,+ 2SlgBrj; (2) 8e,Kt, + KtBr 

SeKi, Hr 

and (3) the latter +MgEtBr+ll,0-SeEt,'SoH + llgBr, + Kti)ll 
TrMj/lMUniliiit ht/Jroulenide, Se£t,'Sell, thus obtained, is a 
yellow oil of disagreeable odour; with alcoholic silver nitrate it gi,„ 
up part of its selenium as silver selenide, and with hydtoclilun: 
platinic acid it forms a crystatliiie product, which has been ubtaicrl 
only in small amount and has nut been purified. T. il. H. 

Equilibrium iu the System, Lead Acetate, Lead Oiid;, 
Water, at 26‘'. Hicuaud F. Jackson (/. diner. Ckim . .V, IbU, 
36, 234C — 2307). — In view of the fact that comparatively lilb' 
modern work has been done on the basic lead acetates, an iove.rtigstiuL 
has been carried out on tbe basis of the phase rule in order to 
ascertain the compounds capable of existeoce and tbeir relitat 
stability. 

Mixtures of lead acetate, lead oxide, and water were sliatm ;e 
flasks kept in a thermostat at 25“ for at least forty-eight toun. 
After equilibrium bad been attained, the solid phase wai rtnutiJ 
and the compotition and density of the solution were deteraittil 
The resulte show that three solid phases are capable of cxi.'lei.r 
Normal lead acetate, Pb{C5HjO,),,31fjO, forms brilliant, laoncc itur 
crystals, and is soluble in water to tbe extent of 35'50''b at .’b Its 
cornpound, 3Pb(C, 11, Oj) 5 ,PbO, 311,0, crystallises in needle-; ai.i o 
exceedingly soluble in water, yielding solutions with Df 1'93— d-' 
it i.s unstable and can only exist in presence of excess of dissolvid Iuk 
load acetate. The compound, Pb(0.jU,0,)„2Pb0, 411,0, forms mm;:* 
needles, and is stable iu contact with solutions of itself, but 
such conditions has a solubility of only 13 3%. Saturation can# 
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bMD o(»i^roct«d ud a &«w theory of tbe courM of such curTes is 
pQi fodwd- K 0. 

Structure of Maltoeo end its Oxidation Products with 
likaline Hydrogen Peroxide. W. I.eb Lkvms auJ Sikgsl 
^ iiCCXBOBOOQB {/ Amtr. Chetu. 1!)14, 36. 23S5— 2397). — 
jje*ia(A.i h 767) iuvehtigateil the action of Kchling’s (.olutioii 
^ rebuits failed to elucidAle tiio cohstitiitjou of the 

M the oxidation did not proceed far etiuugb. 

Tbe present work was underuken in ihu ho{)d that alkaline 
htdrogOD peroxide might effect a more complete liotruction of iho 
molecule and permit a better (pmntitative be^vuatiun of the 
(tfoducte. It has been found that the furinalioii of fiaivliarinic actd dous 
But take place under these conditions. The lalio and n.^tinv of tho 
cikdation producta are quite different from those of dextrose 
tbs anie reagent, this difference lading due to the effect of the gluco- 
bond. About half the maluwo is oxidi.’M-d a^ such, whiUL the 
f^iuder seems to be hydrolysed before being oxidised. 

from 100 grams of anhydrous maltose there were uhtainctl 22 97 
prims of hydrolysed dexlruse, 016 gram of mannonulwtoiif*, 16 04 
priujs of glycollic acid,0'n gram of oxalic acid, 55'37 grams of formic 
tciJ and 4 44 grams of carbon dioxide, logetlier with I IS grams of 
cahtf subsUnces, which probably include«l eiythronic and f tiireonic 

TU formatiou of glucosido^acids in tho oxidation of m.allo.'^o tiffurds 
i£ eiplaoatioD of the fact that a molu'uloof dexirir-ic i\’(|uiru.9 2‘4S 
aiooiiiof oxygen by trebling's solution whilst tho large nmlUi.H* inideculo 
nquires only 2*80 atoms. The formation of a- aitd /lisosact liarinic 
Kids from maltose under the influence of alkali hydroxide involves 
lU three hydroxyl groups attached to the first, second, and third 
ruboD atoms from the free aldehyde gioup, and thcKO earhi)n atoms 
2 uu.<it he present in tbe original maltoho molecule, and their p.trticipa- 
lioii in tha glucoside union is tliorofore provlmletl. The formation, in 
ih« oxidation of maltose, of ryl.itively largo amounts of y (/-glucosido* 
pijcollic acid, rather than yr/-glucosidoglyceric luiJ, indicates that 
the UTiJiioal or primary uicoho! carbon aloui functions in tho 
|]llce^ido union of tbe two dextrose molecules. .Maltose, thcicforo, is 
> ) dglucosidodextrose with the glucoside union on tho primary 
ilaihoi carbon atom. It is probable that, under iho iniluenco of 
xlk&li hydroxide, malto.so enters into au c<]ni)ibrium of the six 
^luco^idu■hexo8es of tlte dextrose seriefl, and that the various oxida- 
UuQ products found result from the dis.sociatiou and oxidation of the 
intermediate hexoseKlienols. K. G. 

Effect of Preesure on Yields of Producta in the Deatruc- 
live Diatillation of Hardwood, li. C. Palmek {J. hid. Kmj. 
CifiA., 1914, 6, 890 — 893).~-Defctruclive distillations of bircli and 
aiple woods under increasing prosaurc result in a slight increase in 
th« yield of alcohol, charcoal, and gas, whilst tho quantities of acotic 
vid, pyroligneous liquor, and tar are decreased. The maximum odect 
DC ill the products is obtained with a pressure of 60 lbs. ]>er square 

4 I 2 
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iDch, Um BKut d*ci4«i cffact buog iiotie«d ia the tv, whicti i, 
dintiiiAbAd to th# txUnt of 60 to 65^ DiitillAtioM wow Also mtl* 
At preMttnA ai high aa 450 Iho. per tquAro inch, bat tbo exothenisit 
reaction waa io violent thAt the experiniente were diieoDtinned. ai 
thu preeiare, the concentrAlion of the dwolved tar in the pjrtoligEssu 
liquor waa io low that rediatillAtion waa not neoeaeA^ in ortier lo 
tilTAte the Acidity ; in practical opetation, the Orat dUtillation ol ti* 
primary liquor would not be ncceeaary in order to n>ake grey a«u^ 
of lime. It ia poeiible, therefore, that pyroligneoua acid, free (r«a 
aoluble tar, might be obtained by anbjecting the diatillate to t higi, 
preaaure during the vapour atage. . W. p. s. 

Compounde of Sedta of Nickel and of Allylamine. A. Pieiuisi 
and A. Pisotti [Cazzetlu, 1914, 44, ii, 366 — 373).— The authore lute 
endeavoured to aacertain the influence of aliphatic double linking; ua 
the coK)rdination numbera of complex ealta by inveatigating double 
aalta of nickel aud allylaiuine. In no caae, however, do tbeae mIu 
contain latent nickel in complex union; they dccompoee in a|U*jut 
aolutiou, and the iona of the component aalu a>e revealed by tbeir 
ruaceota. (Jryoacopic mea.suremonta of the compound, 
NiCl,,9C3Hi-NHj,HCI, 

in water indicate a molecular weight of 46’29 inatead of the calculiUd 
value, 972 73, eo that the compound forms twentyone ions, Tb« 
other eompounda described undergo hydrolysia in aqueoua aolutiou 
with formation of nickoloua hydroxide. 

The compound, NiCij,9C,Hj-NHpHCl, obtained by aaturating tllyl. 
amine with nickel chlurido previoualy dried at 140°, forms ejlreiwlj 
deliiiueacent, square plates of an intense red colour, which ia change! 
to yellow by traces of moisture. It baa a neutral reaction and a 
strong tnate, and oihibita marked cbromoiaomerism, becoming blw 
wheu heated and resuming its red colour when cool. 

The e&injxmnd, Kii.'l2,7C|Hp’NHj. or [Ni(CjHj'NH,),]0, t 
SCjlIj'NlIj, obtained by aaturating allylamine with nickel ihlotilc 
dried at 140“, the masi being kept cool, forma square, blue platea aui 
losoe 3C,ll,'NH.j in a vacuum over sulphuric acid, the reaulUnl grwi. 
compound, ''[Ni(Ojll,'NHj),]Clj, resembling nickolous hyilroaide it 
nppeurance. 

The compound, 

interaction of nickel aulpbato and allylamine in presence of water, 
forma aquare, blue platea and elllorceces and loses 2C,Hj-Nll, in ibe 

air ; the residual compoKmi, .jjjj ^ *■* almost odourleu, 

green powder, which ia decomposed by water. Treatment ol tba 
compound, NiSO^.OCjHj-KHj, with concentrated hydrochloric sciJ 
yields the comiround, NiUl,.90jUj'NHj,HCI (see above). T. 11. P. 

Organic Fluorine Derivatives. I. J. Riirsia {Chem. Il'eeiW, 
1914, 11, 952—956. Compare this vol., i, 679).— Chloriniia* 
of p-fluoronitrobeuieno in the presence of ferric chloride yid'k 
i-fluaro-Z ehloro l niirobcHzetu, b. p. 227 — 232°, m. p. 41“, whic a 
volatile with steam. Reduction with tin and hydrochloric sen 
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(Minrtl It nito pUtM, m, p, 43 9", which 

jMoapMM OB diitilUtion. DUiotiution ranrcrU this'^projuct into 
c-^liicrwiWoroJwiM, b. p !38'5“ 774 mm., m. p -42'5“ which ia 
,^1* wiUi atoam. 

ptOnoroaBiaolc, praptrod from diaiolisod paniiiJinc, cannot ba 
ni^ilj purified; however, by heating witli aluminium chloride at 
lJ<p, it yialdi p-finorophenol, m. p, 46 S" (compare Sw.rtf, A., 1913, 
j, 841), which in alkaline eolation ia reconverted by methyl aulphato 
into pfiuoroanifole, b. p. 1571° 767 mm., m. p. - 43 5°. 

go£am parenlphate oxidiMp -fiiioroaniline to p fluotonitrosolteniene, 
ja. p. 35'3°, which ie volatile with eteam. Thia aiibatance reacta with 
pfluoroaniline in solution iu glacial acetic acid to form 4 ; 4'-ilinuoro- 
ambeniane, orange-red needles, m. p lol l’. A. ,1. W. 

Action of Nitrio Acid on the Three Isomeric Fluorotolu- 
egea. I. J. H. Sloihuuwk* (C/iem. We, Bln, I, l;i|4, 1 1, 956 -iOiS). 
—Nitration of p-fiuorotoluene yields a very small proportion of 
l«o fluoronitrotoluenas, one having m. p 27° and h. p. 136 — 139 "/ 
83 mm., and the other b. p. 134 — 135°/83 mm. The main product is 
3 Ditr>pcreeol, m. p. 32°, proving that the oiiilation dotachos fluorine 
from the nucleus. X. J, W. 

Aldehyde- and Acatone-bieulphites of Organic Baeee as 
Photographio Developers, tlcino 1 ’elliziaki (,4iin. ('him. Ap/Jieala, 
1914, 2, 129 — 132). — p-Aminophenol in the presenco of aulphuroua 
acid forms hydrogen sulphite derivatives with acetone, olliyl aceto- 
acetete, formaldehyde and acetaldehyde, and p methylamini'phonol 
(nietol) yields auch derivatives with acetone, formaldehyde, and airot- 
aldehyde. Olyrine is more acidic than basic and does not form 
hydrogen sulphite compounds. The compounds formed by acetniio 
with p-aminophenol hydrogen sulphite, 011’C',ll,-NII„ll,S0,,a).Me,, 
and with p-methylaminophenol hydrogen sulphite, 
OH-0,H,-NUMe.H,SO„C'OMej, 

act as photographic developers in the presence of sotlinin ciirlKinale, 
which liberates the amino-compouud and tho acetone and converts tho 
iulphurous acid into sodium sulphite; tho presence of an aldehyde or 
ketone enhanoea the reducing power of the developer. T. 11. P. 


Sulphonution of Benzoic Acid. J. Mashsb (A’ec. Irav. '■him., 
1914, 33, 207— 238).— A determination of tho relative proportions of 
the isomeric aulphobenzoic acids obtained on sulphonating benzoic acid 
under varying conditions. For the quantitative estimation, tho 
products of Bulphonation are converted into tho coi responding 
sulphonyl chlorides by the action of phosphorus pentachlorido on tho 
potassium salts, and the solidification points of the resulting mixtures 
determined. The author has prepared the pure potassium salts of 
m-, and p-sulphohenzoic acids, and the corresponding acid chlorides 
and amides. With these substances, solidification curves were obtained 
for mUtuzM of the m- and p-sulphonyl chlorides, and mixtures of tho 
two isomeric ortho-acid chlorides. To detect the presence of small 
uwnnts of o-sulphobenzoyl dichlotide in a mixture of the meta- and 
para-isooeridee, the mixture was submitted to the action of ammonia, 
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th« ortbiMMiiiisniDd being thereby coneerted into tiM tompwiot 
The liquid mu eieetly neotrAlieed with hy,i„ 

chloric eciii end filtered, end from the filtrite the " eeccherin " wu 
free by the addition of eiilphuric acid and extracted with ether. Aftn 
oraporating the ether, the reeidue waa diaaolred in a few drops 
water, a aweet taate at thia atage indicating the preaence of the 'jrth> 
Uomeride in the original mixture of arid chloridee. Thia t-st n 
eenaitire to conaiderahly leai than 1% of the ortho-iaomeride m ‘j , 
mixture. 

The aulphonationa were carried out in the apparatoa de«cril.ed i.y 
Polak (A., 1911, i, 30), a atudy boirg made of the infiuenre of 
temperature, duration of heating, concentration of the aulphuric jr;.) 
relative molecular proportion of aulphuric and benzoic acids, ii,.l i)., 
preaence of a satalyat on the composition of the mixture of aulph jlsem , ■ 
acida obtained. Tlio preaenco of o-aulpfaohenzoic acid could s,tily !, 
detected in the one case where mercuric sulphate waa need asaaljly.; 
The main product of the aulplionation waa, in all cases, mssuIpliol«,!;r.,'(' 
acid to the extent of well over Variation in tero|sr»t ur, 

increase in the duration of heating, variation in the concentration nt ih» 
aulphuric acid (from 10(1 to 93%), and variations in the niolerulir 
proportiona of aulphuric and benzoic acida used, had hardly sbt 
appreciable effect on the composition of the product. (.If the !lir~ 
ratalyats tried, potas.riuni sulphate and silver sulphate had little or r.) 
influence on the composition of the product, whilst with nieronrir 
sulphate o-sulpliohenzoic acid was produced to the extent of 0 7 
the total product, as estimated by conversion into salicylic aci.l snl 
weighing as such after extracting it with chloroform. 

In the latter part of tlio paper the author discusses the results 
obtained by various workers on the sulphonation of other beiiw:* 
derivatives. " t;, 

Csloiuin o-Acetoxybenzoate. L van iTAUixand A. Pdiniti 
(Pharm. Wtekklttd, 1914 , 61 , 1361 — 1366 ).— Calcium osretciy 
henzoate is best prepared by passing ammonia into an alcoholic sclutiur. 
containing calcium chloride and o-acetoiybenzoic acid in milffulir 
proportions, caro tieing taken to maintain an acid reaction, llis' m ■ 
soparales in colourless crystals. A. J 

a-Santolinenone, ite Formula and Optical Inactivity. Rcso 
lotion of the Hydroxylamino oxime Comp>ounds. 1. Fstvrs 
loNi, N, Oranata and A. Hanna (datzetla, 1914, 44, ii, 354-.)''U - 
The authors discuss the evidence in support of the racemic cliatac'rr 
of the optically inactive « aantolinenone (this vol., i, 1134), the m ‘t 
probable constitution of which is represented by the formula, 

The corrrspondieg hjdroxjlatDino*oxime, 

OH-NH-CH,-CH<®^jj^.^^p2>CHPrf, 
should be capable of existing in a cm- and a frana- modification .« 
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form of tho kotooo, the cf-ei^compound being enantiomorphous 
ytth the f-efeooopoand, and the d tmu- with the f-trani-ieomeride. 
As with a nuniber of the ketones of similsr structure, it is, however, 
f(wnd that the rupture of the doubte linking accompanying tho 
(ormation of the hydroxylamino aiime can occur only in one way, 
that only one pair of enantiomorphous oompounds results. Fraction- 
^pon of the hydroxylamino-oiime d-campborsulphonate gives salts 
\gg which the value of [a],, in aqueous solution varies between 
, and -h21‘9 , tho values for the corresponding bases in 
jroliolic solution ranging from - 103“ to +IG 7'’, 


.As will be shown in a subsequent communication, the structuro of 
j santolinenone is either 



T. 11. 1>. 


Oile of the Coniferae. III. The Leaf and Twig and the 
Cone Oils of Western Yellow Pine and Sugar Pine. A. W. 
licHOROER [J. Iwl, Any. Chem.^ lOH, 6, b93— -v^ilu. Cumpare this 
rol ,i. 1134, 1173).— The leaves and twigs of western yellow pine (/'inns 
frnirnm) yield from 0 04 to 0136‘\; of oil having 1)'’ 0'871S to 
0 8M9 ; n]! 1'4793 to 14838; aj! - 15'73’ to - 1 9 53“ ; acid number, 
iiS? to 2'36; ester number, 3 88 to 810. The cout's of the tree 
fisM 0-063“o of oil, having D" 08757 ; nl; 14789 ; a?,' - 11-48’; acid 
nsniber, 1-37; ester number, 7 30. The leaves and twigs ol the 
wfir pine, I’iniu lamhtrtiana, give from 0'45 to 0-13-4 of oil, having 
[I '0 8(176 to 0-8738; n" 1-4777 to 1-4795; of,' - ll -|)7“lo -10-50-', 
scid number, 0-68 to 2-38; esternumtier, 2-3-3 to 5-91. Tho cones ol this 
(fee yield 0 318% of oil, having IT* 0-8692 ; n)) 1 1771 ; a;)' -2318“; 
scid Dumber, 0 63 ; ester number, 3-75. The percenlngo composition 
of the oils was found to be : 

Western yrllow 

Lc«f iinil Cone I/af iini twi^' Cutio 


oil. oil, oil. oil. 

furfiir^Mehyde — trafft trsm tnii’o 

2 fi 21 22 

H'lmj-heoa — — — 21 

• Hl'iof'D'*.., 75 60 fil 311—10 

I'lj^Dtene 6 12 -lo 12 4—5 

Ijornyl filer (u icetftte) 2 2*5 15 l -.li 

JV-e alcoliol (i-bonieol) 7 4 x 3 5 

“<«fr«noir' 3 3--.| 1 _ 

v^iuilfrpene (1) _ __ __ I 

I/'«i fto .^10 7 7 


W. P. s. 

OentiacaullD. Marc Bridel (/. PKarm, Cfiim,, 19H, [vii], 10, 
329— .335), — The author has isolated a large amount of the giucosido 
ffcUecaulin, from GerUiana acaulU, by tho biochemical method already 
described (A., 1913, i, 1212), and has made a closer study of its chemical 
ud physical properties, The roots of the plant contain more of the 
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glocotidc thin tlw Ittfj tUm, frath noti jMding tbont 3% tc j 
aUnit Aboat 1%, tbcu Viluea diminiibing iligbtlj towarda tb« (rj ^ 
the plant growth. The gluroeide, when tborongblg purified, ia four,,! ta 
ba»e [a]o - 64-42“ inttead of - &3-84“, u prerioaaly giren (/« cii 
DcxtroM boa now been iaolated, in additioD to xyloae, from the prtxiiK^ 
of bydrolyaia with boiling 3% anlphnric aeid, the proportkmof dei'.trjH 
to xyloee being about 55 ; 45. \V, o 

Afidrographolide. K. Goans (Km. trae. cUm., •911, 33 
239 — 243. Ccmpare tWd., 1911,30, 151).— An attempt to deter*,, 
whether tndrographolide (the bitter principle of dtvfroyrjjA,, 
fonifulala) containa more than the one double linking already prorel 
to be present (let. eit.). Triacetylandrographolide, diuoleed in eii*, 
aaturated with water, reacts with aluminium amalgam, acetic ar,! 
being eliminated and diactlyldeoxj/andregrttpholidt, f^toH^iyuAc 
colourleu needles, m, p. 121“, formed. Thia substance comhiuct ocij 
with two atoma of bromine, gieing a d\bromiJt, small plates, o p 
168“, which ia still iinaaturated since it decolorises potassium |:«nuL 
ganate in acid solution. This is confirmed by the fact that diacetr! 
deoxyandrogrspholide in acetic acid solution under the infiuern el 
platinum black alswrba two molecules of hydrogen, giring diaciljl 
dtoxyitlnJtydroandrographolidt, 0,,H,,0,(0Ac)j, prisms, m. p. 90 <(l 
This substance does not decolorise potassium permanganate, and on 
hydrolysis with alcoholic potassium hydroxide, followed by Irestintni 
with dilute sulphuric acid, yields the corresponding lacloni, umill 
needles, m. p, 172-173“. 

Andrographolide, on boiling with concentrated formic acid for f.te 
minutes, followed by the immediate addition of water, yields t 
amfound, small needles, m. p. 215“, which cannot be analysed, owinp 
to the fact that in the combustion tube it decomposes into very di'Ticuiiit 
combustible hydrocarbons. This substance cannot be acetylated. 

These results show that andrographolide has two double llnlilnin, 
only one of which can be saturated by bromine, that one of iisihrta 
hydroxyl groups seems to be tertiary, and that the molecule pruhilir 
contains two carbocyclic nuclei in addition to the Isotonic ring. 

W. II. 


Bltiok Pigment in the Skin of an Australian Black. W 11 . 1 U 1 
John Youno (Biochem. /., 1914, 8, 460—462). — The pigment 
prepared by dissolving the skin of the Australian Black in 5 ’,, jotssiuB 
hydroxide solution and then acidifying with hydrochloric acid, »li»« 
the melanin was precipitated as a dark brown powder. It was [ iiriW 
by repeated precipitation from its alkaline solution. It conuini 
C 6012, H 6-70, N 11-89, Fe 0-21%, end some sulphur (unestiiaied 
A solution of the pigment in 5% potassium hydroxide or in conceutraied 
sulphuric acid absorbs all the rays in the violet, the blue and, it 
part, the green of the spectrum to a wave-length of about 515 ► 
Beyond this point there is slight blurring of the green and oranp* 
whilst the red is practically unaffected. H. M . 8 
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TrtoifonMtion of Olatamto Acid into { PyTToUdoneotrb- 
bitUo Aoid in Aqaoona Solution. Fieduick William Foeehax 
(ftxsUw. J., 191ti 8i 481— 49J. Compare Abderhaliieii and KauUscJi, 
19l9i i) 1912, i, 492). — When an aqueous eolutiou ot 
(luuunie acid ia heated abote 80°, a certain proportion of it is converted 
iato /.pjrrolidonecarboxylic acid, and tbo same change occurs with an 
^d nit al glutamic acid, but to a smaller extent. Mineral acids 
an inhibitory action to an extent proportional to their strength 
to the amount present. The presence of more than 8‘V. of 
lalphaiic acid or about 3% of hydrochloric acid inhihit the change 

altogether. 

The reeeree change, namely of / pyrrolidonecarboxylic acid into 
glutamic acid, occurs on boiling with concentrated liydrochloric acid. 

It appears that the occurrence of pyrrolidonecarboxylic acid among 
the produuta of protein hydrolysis ia often due to this secondary rhiinge. 

II. w. n. 

Diketotriaianefl. J. Bolt.sult {Com/ii. rmd., 11)14, 159, 
631—633. Compare this vol., i, 1004). — Diketotrisxines can bo 
prepared quite well by the action of cold dilute alkali on the semi- 
tarbaunes of the corresponding a-ketunic acids, the yield being better 
thin on heating owing to the elimination of a secondary action, but 
lbs process requires several months under these conditions. With 
fodiurn hypobromite, diketotriazinee give hromoarid amides and 
nitrogen is evolved. Thus 4 iC diketo-S liensyltriszine yields aa-<fi6romo- 
flphnylpnpionamide, tTI,l’h'Ct!r,'CO’Nil,, m, p. 13S°, whirh is 
nduced by line in arctic acid to phenylpropionsmide, m. p. 105", 

I ;6-l)iketo-3 phonylethyltriazine simdsriy yields aa iWromo-y pAsni/l- 
itli/ramUt, CH,l’h-CH,'('ltrj-CO'NH,, in. p. 131)', yielding on 
reduction pbenylbulyramide. This behaviour on oiidation « ith sodium 
hypobromite is a further proof of tbo constitution of the diketo- 
triazines, W. fl, 

QelatiolBation of Pectin in Solutions of the Alkalis and 
the Alkaline Barths. Uorotiiy llAvssa (Hiudam. J., 1914, 8, 
553 - 583).— The rate ot geliitinisation of pectin isnotdetcrniinod by the 
rite of diffusion or by the rate of adsorption of the alksli or alkaline 
earths producing gelatinisation, but by the rate of a chemical reaction 
involving the replacement of hydrogen by potassium, barium, strontiuni, 
or calcium and hydroxyl ions. That a reaction ol this kind tnkea place 
is supported by the facte that it can be expressed by a velocity 
tqusllon involving the concentrations of the reacting substances, and 
that the constitution deduced for compeunds of the alkalis and alkaline 
rarths with pectin ia strictly analogous to that ot the corresponding 
compounds of the mono- and di-saccharides. Similar molecular com- 
pouoda with salts are probably also formed. Gelatinised pectin forma 
solid solutions with the alkaline earths which may be compared with 
the solid solution: of lime and sucrose. H. W. li. 

Activation of Trypalnogen. Hohace ilmoLEToN Veenoii 
1914, 8, 494—629. Compare this vol., i, 214). — The 
author describes experiments from the results of which he draws the 
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eoDcIanoo thit in th« ACtirAtion of trypAiiMigMi I7 tntarokiu^ 
tiTpas liherAtAil in tb* 6Arli«r tUgm by dirnet Action of 5^, 
cnMrokiDAM gndanlly mU frM An eniyme (t«rm«d . 

indicAto thAt it Acta nocondarily to onterolrinAM) from A preroriBr 
that thU deatcrane in mainly reaponaible for tb« later ata^ (,( 
ACtiration proceta. It ia fonnd that tbe rate of activation of .4, 
trypeinogen during tbe laat half of the proocM (when d»utort» „ 
acting) may be one thourand timea more rapid than tbe initial rav 
and it it independent of the amount of enterokinaae tued. 

fieuteraae bae a temperature coefficient of lOO to l' 22 And i< f irthn 
diatinguiebed from enterokinaae by the fact that tbe former ia rrU;,t,|, 
much more retarded in ita action by glycerol, and the latter by Wiii,', 
peptone. 

There ia no relationahip between the amonnta of deutera<e atj 
trypain preaent in pancreatic eitracta prepared from rarioiii aoinul, 
A glycerol eatract of monkey’a pancreaa contained only a fourth i, 
much trypain aa a glycerol extract of pig’a pancreaa, but twoihird* at 
much deuterase. Some extracta of ox pancreaa did not acem to ouUm 
any denteraae, but this waa ahown to be due to the ma<king ution r,{ 
an anti auhatance. Douteraae ia extremely unstable, except in the 
preaenoe of glycerol, and therefore, aqueous pancreatic extracta !uvr 
relatirely little actirating power; freshly actirated pancrratic j.jiie 
was obaenred to lose most of its activating power in two hoiir« at 
37°, owing probably to destruction of the douterase by trypain |i.,th 
trypein and trypsinogen appear to exist in various degrees olftxbility. 

The activating power of deutemae may be nearly doublul by ti.e 
addition of small quantitiea of intestinal extract which thenuclvu do 
not possess any appreciable aetivating power. Deuteraw is not, 
however, regarded as a co-ensyme of enterokinaae. 11. \V. li. 


Physiological Chemistry. 


Determination of the Compoeition of tbe Different Proteins 
of Ox and Horse Bernm by the Method of Van Slyko. 
PEnotvAL Habtley {Hiochtm. J; 19U, 8, 641 — 552).— The aiithc 
li.is separated the proteins of ox and horse serum, and eslini.it.oi 
the ainiiionia-, melanin-, cystine-, arginine-, histidine-, ly.sini>. i' i 
residual amino- and iion-amino-nitrogen present in each mniii' ui. ; 
by van Slyke’s method (A., 1911, ii, 944). The conspiruuiis 'i;?vr 
eiices existing between serum-albumin and serum-globulin with r' 
gard to their content of cystine, diamino-acids (particularly ly.iiwi, 
melanin and ammonia, are advanced by the author as ailditi'r.i. 
evidence controverting Moll's statement of a transform.ition >: 
serum-albumin into senim-globulin occurring in warmed hif'" 
serum (compare Bywaters and Tasker, A., 1913, i, 1399). On 
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h«nd, the rimiUrity of tli# figures obtsinsd for tlie various 
jiiiliiilins supports tie views of Chick (this vol., i. lUfii regarding 
f]os* relationship existing Mween euglobiilin ami ^ globulin, 

U. W. B. 

Influence of Bxceaeive Water Ingestion on Protein Meta- 
tjoiietU' Jon* Boyd Osa {lUoctuin. y., IU14, 8, 53ti — 540. Compare 
p.>»icr sad Hawk, A., lOlO, ii, A M'lio.s nf cxinTiinenls 

urried out on men shows that the excessive ingestion of water pro 
jB(« an increased excretion of urinary nitrogen, dne eliiellv to an 
BCivt'-e in the elimination of aiiimoni,a ami nrea. The aetiiin is not, 
teevver, to bo regarded as a mere lliu-hing out. of w.iste proilucts 
OiOi lliO s_vstein, because it is found that, liie most, marked rise in 
0 ., urinary nitrogen after waster drinking weiirs on a low protein 
whilst when the siibjeel is on an exeessively liigli jirotein diet, 
a large amount ot nitrogenous end |irodticls would )k' pre- 
,cal in the system, tlio smallest rise neeurs in the total nrlnary 
,,„rei;en. In Iho latter ease, although during the ]ieri<Hl of ex- 
,T«ive water ingestion the total urinary nitrngeii remains almost 
,u,in'iiiarv, the absolute amount of urea, and the pereeiitage of the 
mul nitrogen excreted as urea, Iwth inerease. This result, wliieli 
,j ijhi imetl in all the experiraent.s, shows that tlio main elTeii of 
fviessive water drinking is a stiinulation of llie ealaholic |iroees8ea 
,f metabolism. Since, on returning to a normal water eonsiitiip- 
i!.,ii, a retention of nitrogen is obsiuved, the period of exeessivo 
»,iti'r iiigMtion is also alleiided by a stimulalioii of tlio analsilio 
!.!„ues of protein inctaholism. 

The appearance of creatine instead of creatinine in tlio nrilio 
i'lrmj the ]ieriod of excessive water drinking, as reeorded by 
F 'S-h r and Hawk (/or, ril.), was not oliserveil. A decrease in the 
;.nal nitrogen, indicating a more onmplefe utilisation of the 
ireti'iii nf the food, ia another of the henelioial eflivta acrninpany- 
I’ij f'.pions water drinking. H. W. B. 

Physiology of Reproduction in the Domeetio Fowl. IX. 
Effect of Corpus Luteum Subetance on Ovulation in the Fowl, 
liivsoxii PaaKt and Fkask JI. Hurfack {J. Hiol. C'/iem., 1914, 19, 
'.’.'1 U'k).- The desiccateil fatfree substance of the corpua luteum 
I'! tile cow, when injectwl in suspension, in proper doaage, into 
■111 .iitively laying fowl immediately inhibits ovulation. The 
■hir.ition of tills eliect varies with different birds from a few day.s 
to two to three weeks. After the bird begins ovulating again, the 
hiviiio goes on unimpaireii. The same effect, is |)rodured by the 
injection nf extracts of the lutear suhst.ince, either intravenously 
■T Ultra abdominally. The active substance wliicli produces the 
iiihihition is inactivated by boiling, II. \V. B, 
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Chemistry of Vegetable Physiology and Agricuitnf, 


Signiflcanco of Certain Bubetanoes for Plant Growth, w !■ 
BonoMLCT (Ann, iot., 1914, 28 , 531— 540).— P*«t nhirb ,j, ,, , 
jcctfd to the action of certain aerobic soil organisma at Jo . ' 
after being sterilised, mixed with nine parts of soil and kept ' 
seventeen days at 26°, induced a considerable fixation of mti, 
amounting with two different soils to 77 and 54 mg. per Imi 
of soil. 

Further experiments with various plants showed that a(M>. 
extracts of the hacterised peat (1 part of peat to 2(Xt of iji,. 
BUpplletl all the plant food required, and that see<llings of 
jmthirotflrA (in loiiin, leaf-mould, and sand) grew to twice li-.. ^ j, 
when treatol twice with an aqueous extract of O' 18 gram i f i;, 
[leat. 

.Stimulating effects were obtained by employing the rosiriii,. ,• 
an alcoholic extract of pe,it, by the phosphotung.di(: .u-id 
l ipitato from an aqueous extract of the same residue, and .‘'.i.i;., 
by the silver fraction, crjrresponding with Funk's "vit.imiii-' 
fraction. The last sulwtanc® added to a complete nutritive 
tion, at the rale of 0'3.5 per million, increased the growiii ,t 
excised wheat seedlings grown for fifty days 59%. Tim 
showed a continuous growth, whilst those without the pMt .u!, 
stance increased 14'7',t'. in .sixteen days, and then Inst in wei;l,t 
the final lo.ss being 10'9'!i. It is suggested that during eerma , 
(ion substances are formed which enable the embryo to utilise tis 
food present in the seed, and that this substance can he wli :;, 
or partly retilaced by the substance obtained from peat. 

N. H. J. SI 

Injurious Root Secretions. D. Pkiaxischnikov (ff«e. jm. fiorn, 
1914, 26 , .503 582). -The results of experiments in which <lii !:,i. ; 
wheat plants were grown successively in tlio same distilhsl we,': 
.showed no reiluction in llio yield ; under these conditions, iw ..nt 
stance toxic to wlieat seems to lie secreteil by the roots of wIims 
I n sand and soil-culture experiments it was found, however, thti 
the yielils of subsequent crops were considerably reduceil, an :: 
ing to the plants grown, not only when the same plant was cn *' 
two nr three times in succession, but with different plants. T'.’ 
redndioii in yield was nnicli greater when the roots of the t'*' 
idaiit were left in than when they were removed. 

Oats grown in an extract of black soil gave a very small y;-!-! 
whilst normal growth was obtained when the extract was liltfi-a 
through charcoal. When the extract was distilled, and both > ■' 
distillate and the residue employed as culture solutions, the frni.'' 
produced .a normal growth and the latter a much smaller yie '. 
the difference was still more marked when the distillation w>> 
conducted under reduced pressure. 

The conclusion is drawn that roots contain a substance which J 
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both to the seme end to other plauti It is 6ugs;esled tliat 
^ cause of the reduced yield of a seeoud growth may he the 
scftased alkaUuity, which would he greater when the first, eroii 
j'reuioved duriug early periods of growth, and vanes iiinirdiiig 

jjje plant grown. On the other hami. alkalinity is not reniuved 
ct charruAli which in some eases raised the yield to its original 
Jataint. ^ , , , 

yiie ex|>eriiuenU rcferreii to form part of a resianh by IVri- 
, (.law. hi>l. tiyfun. J/osrouy 1‘Jld, No. 1; in Uussian). 

N. 11. J. M. 

Qiigin of V&nilliD in Soils. Vunillin in Wheat and m the 
Water in which Wheat Seedlings have Grown. M. X. 
s'lUvaS (/ fad. JSny. Cktm., 1914, 6, 919—921). — Siiiee vanillin, 
I, j closely related parent sulislance, appears to he fairly widely 
..jtrihuted in the vegetahic kiiigdum, the author has determineil 
.Wlitr or not vanillin can be detected in wheal, as a type of 
■ rid croji. and in the water in which wheal has grown. Un- 
.■eraiinated wheat was found to eontain ahont three purls jier 
Lllivn of vanillin; the i|Uanlity increases slightly duriug llie early 
.;i.»lli of the plant, and the siilislaine can pass from the plant In 
[(., medium of growth either directly or, more prohahly, as ii 
•rsiilt of celt sloughing and disinlegralion. Tieatincnl of the 
..f.iuiid seeds with acids increases Ihe yield of vanillin, this being 
,;ae, apparently, to the hydrolysis of the jiaienl snhstanee; the 
Uuer is regarded as heing coniferiii. Vanillin is also found in 
r(.ileii oak wood, pineapple pulp, and lawn gra.sses. Its presence 
in wikmI aud various forms of vegetation would lead to tho con- 
iluswri that the vanillin found in soil has its origin in vrgelahle 
ieiiris and, to a minor extent, in ilireet excretion or cell sloughing 
!iv growing plants. \V. P. .S. 

Analyeea of Two Bchlnacea Roots. K. \V. lUvi. and .1. K. 
iitstiT (dour. J, /’Anna,, 1914, 86, 450— Ihli), -The following 
irsulls were obtained on the aimly.sia of tho roots of two species 
‘I the genus llraiiiirrm [Hrliinacui) obtained frnin Kansas anil 
Miiwauri: U. nnyiitlifiiliii ■. moisture, 10'90';i',; .starch, none; pento- 
«iu. IfiG; ''crude fihro," ‘-’4'77%; protein, C'.aT;..; ash, 7'7I!",',; 
iiiaiin, o'O't); resin, 184%; sucrose, C9'2'%; reducing sugars, li 1)5';,',, 
A, piirjmrtd: moisture, 10'lS‘lo; sUrch, none; peiilosaiis, l.'i Ii':, ; 

crude fibre," 29'65%; protein, S'STX; ash, ti'Dli":,; inuliii (iinl 
esiiinated); resin, 2'00'%; sucrose, 3'40'%; reducing sugars, 11 n",',. 
h tinyuftijttUa also yielded 0 04% of an amber-coloured, volafile 
oil, hut did not contain any alkaloid sulTicieiitly basic to bo ex- 
trsrleil by the ordinary methoils; this does not exclude tho possi 
Iditv of the presence of choline and allied substances. 

W. P. S. 

Plant Chemiatry. , P. Q. Keeoar (CImi. cVems, 1914, 110, 
'711- 212).— Qualitative analyses of various plants. In I'arnama 
yiluilrii a UK^erate amount of mucilage, a tanuoid, and a catechol 
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tanniQ were fouod. Finguieula vidgari$ conUins a good ,i 
mucilage, aucroee, and taocoid, but no tannia. Nitrates hv> , ^ 
found m either plant. The golden aaaifrage waa found to > ; • 
much mucilage, with aotne gum, a little nitrate, some surr 
little tannin, but no taunoid. Holly-leaved barberry rtv^- ; / 
ivy; both contain caffeUnnin and a tannoid, probably . 
agenin (the former containing more caffetannin and ti:e 
more tannoid), and the aqueous extracts of the leaves shtjw sc.. .. 
reactions in common. Mimulut luteu$ contains nitrates ai].[ 

\% of caffetaiiuiii, but no tannoid. An examination of 1 

and roots of wild geranium allowed that the leaves (in Ju:,^ ^ , 
taine<i a little nitrate, much sucrose, cousiderable gallutaiu'.u >• ^ 
tannoid, but very little catechol-tannin; the roots contaii,. .j . * 
nitrates and no sucrose, but considerable amounts of stan-ij . 
calcium oxalate. 

Tlie relation uf assimilation and deassiinilatory proiTsvs . 
plants U) the reaction of the protoplasm is diHCUsse4l. 

N. H. J. M 

UreatM) Content of Certain Indian Seeda. HaRuLit 
Ax.sjctt {Jiiochm. J., 1914, 8, 449 — 452).— Ureai^e has U'en 
in tlio following see<U: sword bean (f.'atmntlui rni‘ihfrui\si, kl, 
kaUi {/JoltcfniK htf!ora), rrarut lohfita, and six varictifs <>f . 
Ijcan. Tho sword bean contains, weight for weight, wvi-ral i 
as much urease at the soja bean, and may possibly he .siih-t.!;;:,,; 
for it in the ostiination of urea (compare Pliimner mid i 
this vol., ii, 300). H, \\ p, 

loveetigatiOD of the Diaataaa of Alfalfa [Lucerne] and thv 
Effect of Rapid Curing on the Food Value of Alfalfa. !;. r. 
buUKY {/. Inti. Any. CA«m., 1914, 6, 910 — 919). — Tht* diit^utc 
activity of lucerne (.WrJicago sativa) is greater in the nj'-r:;;;.; 
or after a perIo<l of darkness than after exposure to light. Mu. 
more diastase is present in tho plants during the summer tiiui 
Iho .spring and autumn, and tho younger plants contain the [ '.r:*r 
4|uanlit,y. Drying in a moist atmosphere at 50^ decren.-^ t'-' 
iliastatic activity, l)ut it is considerably increased wlien the ja.it'f.!! 
is dried in a current of air with gradual incrcaso of temp' nt ir- 
Liglit and weatlicring in the field tend to destroy the dia>t.-- 
ami tlift effect of rain during the curing is very injurious. !v 
diasUtic lucernes generally contain more water-soluble cniMiluc;.^' 
than speimens low in dhistaoe, but the water-soluble suh-<ti! ” 
cminot 1)0 increa.sed above a certain limit (about 40'1,), Tlii' 1 •' 
<tf (ligevstible constituents during handling and curing may ^ !r■ 
from 20% under favourable conditions to as much as fd'' 'iii l-r 
advers)' weather conditions. Curing by artificial heat givc.s x \ • 
cf belter colour, odour, and flavour than can be product^l hy « 0 -r 
means, and the cost of artificial drying is estimated to l)e h‘N-> il 
that due to losses sustained during curing in the field. 

W. P. 
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Cbemicftl Changea during Stiage Formation. Kay K. Naiwo 

Stm.Ckm. .Soc., 19U, 36. 24U1-2413). lu wrlier work (Doi 
icd Ncidig, A., 1913. i, 230), n study has btvn mado of tho acids 
jjiti alcohols coutaiuod lu luaizo silage. An Hctxniui is now given 

ilk inveatigatioa of the ebaugea occiirriitg diuiiig silage foriiia- 
Uuu m silo* of tlireo differem types: d) & hollow clay tile silu; 
.'■jj a wooden ailoj and (3) a concrete silo. The- fulluwitig changes 
observed, bui no differences were nutictyl whidi could l>e 
iiiributed to tlm materials of which the silos were constructed. 
Suii sugar was rapidly changtsi to riHlucing sugar, mid 

amount of the Utter suhse^juently decreased. The qu.anlity of 
u'UtiU acids and lactic acid increasisi daily. Siiuil! quantities of 
iiijiicl were produced. Carlton dioxide was fornicHl with cousider- 
rapidity after tlie silos h<id U*en lilhxl, and free oxygen <lis- 
ij.jttMred from the silos after the stsanid t*r Ihirtl diiv, The maxi- 
temperature reache<i in any of tlie silos was 32-5‘\ K. G. 

Acid Mineral SoUe. G. DAiKLiiiaA {/hUl. Imp. t'entr. Agnr. 
^iptr. Stai. Japan^ 1914, 2, I — 4t»). — ItesulU of pot exptrimeiita in 
ibicli barley was manured with potassium chloride, in adililiun to 
•,njn''niuin sulphate and disodium liyalrogen phosphate, slinwcil 
>h'i\ whilst satisfactory results were ohuiued in two clay soils, tho 
(if the potassium salt in a samly gianiu* soil w.'w to rl‘{lulx^ 
ihe yield to almost nothing. Addition of calcium cmlinuale uluug 
ttiili the manuroB resulted in a very great incrcas*^ over the un- 
Siiuurcd pots. The soil, which contaimxl only a small Hinount of 
Liaijus. was found to give a strongly acid rerniioii, due to tlio 
dlsorption by the soil colloids of aluminium <jr iron conijiounds. 
Ill prt^uce of {Kilassium chloride, .soluhh'k m'id aluminium or iron 
ci^nqiouDds are formed. 

The examination of a considerable mimlker of Ja]uln(^o ami 
Corcan soils showed that three fourt Us of them were acid, and that 
m the case of more than half of these the acidity was duo to 
ihwrU'd aluminium or iron compounds. »S<>ils from mesuzoic 
f >nijalioiis are the most frequently acid, then lerliary, jjahmjzoic, 
.iiul diluvial soils. 

The examination of twenty s[)cciinenH of Umliii sliowed that 
i.larK'cii were acid, four neutral, and threo alkaline. The acid 
Uiiliiis liehave towards neutral salt .solutions in the same way a.s 
ind soilH, whilst the others, after treatment with dilute acids and 
Wishing, become acid and acquire the jiropertiew of acid kaolins; 
Miiiiiar results were obtained by subjecting graiiito and other 
xlkxline rocks to tho action of aqueous carbon dio.xide f(;r some 
■Aw-b. 

The acidity of soils is increased by treatment witli diluU? acids, 

The filtrates from the soils treated with potassium cliloririe hiIu- 
tion give with ammonia a precipitate (xinsisting mainly of 
«'uiiiiuium hydroxide, the amount of wliich corresponds with tlio 
'i'j'iitv of the soil, and tho amount of .V/lO-alkali used in tlio 
titration. 

!^il acidity can be detected by moistening 5 grama of the soil 
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in a t«t-tabe with a 10% lolution of poUaaum nitrite, and i 
ing a atrip of potaaeium iodide-atarch paper in the tube by . 7 »t, 
of a cotton wool plug. Acidity duo to colloid abaorptioii li,, 
detected by treating the aoil in a waUh-glass with poU^! 
cliloride aolution and testing with litmus paper. 

To tttimate the acidity, the air dried soil (.100 grauB) is 
for an hour with LloO c.c. ol normal potassium chloride sjIo!. 
One hundred and twenty-five c.c. are then boiled to reniuve 
carijon dioxide, and titrated with .Vi lU sodium hydroxide. T;,. 
treatment is rc[M‘-ated as long as the extract is acid, 150 c.c. of ff.-.o; 
fiotassiurn chloride lieiiig added each time. N. 11, J. 51, 

An Acid Soil in Aanam. A. A. Meooitt {Mm. JJtj4. 

India Chtm. .Ver., lUU, 3, 235 -269),— The soil ia very old alluii.tt, 
and is a light loam in good physical condition, containii;.- 
ade(|uale amount of jioUsidum, and a iiioilerate amount of ir.ii,, 
whilst it is deficient in phosphoric acid, and especially so in . , 

carlionate (902%). The soil contains an organic acid wnnh 
toxic to some plants in solutions containing 30 per millnin, in 
the case of some plants, however, the siibstaiice is not only a n 
to.vic, hut is henelicial in concentrations which are injurious u, 
other pi lilts. Thu toxicity is more or less completely overcoine i,y 
ailding a compleU- nutritive .solution, or by iieiitrali.sing with liii.e.' 

In practice it has lieen found that whilst iwmo plants, such a, 
I‘ltit»ri/litM will grow on the soil and give a moderate i r p, 

others fail to get k-yotid the stage of seedlings unless consideraMe 
amounts of lime are added. For neutralisation, the soil re.|niies 
880 1350 parts of lime per million. 

The results of a large number of plot exiieriments with varinni 
manures, with and without lime, showed that in absence of line' 
most of the plots failed altogether, the exceptions king th-i». 
which received basic manures (sodium and potassium carlsjiniUs 
and basic slag), and some which received superphosphate. 

The fact that superphosphate, in absence of lime, enablHi tic 
plants to grow is attributed to its action in stimiilalina f-’t 
development, resulting in extra-cellular root oxidation and ti.e 
destruction of the toxic sidi-stance. The eifect of snjierpho.'.pli-ilc 
which is very much less than that of lime, is increased by addiic n 
of sodium nitrate. 
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lodeK of Hefraotion and Deoalty of Qaaee. A. iVvuialini 
jyni/M C»*«* 1914, [fi], 8, ii, 123 — 153), — Mdgri (1904) hu «hown 
laal- at praasures up U» *J(K1 atiuus^jiiien^s, tlij* rffractivo iiuliit's of 
iif values for the aiul I,^renu formula whioli aro 

more coiwUnt tlmu tlu^^ faliuluU'd by of 

l»ru'les or Gladstone and liales ex]>ress«iun. The author has 
ftteiidwl Maori’s observation.^ by nieas^unni^ the indites of refriu** 
null ;uid the correspoudin^ s]>ecili(- ‘gravities of niiroj^t'ii and oxygon 
it v.»rioU3 pressures up to 2tK) atniosplieivs «ud t)f varlnui dioxide 
•jp to the saturation point at ‘JP. The ma.v!iimiii piTcenla^e variii- 
rsiii* of the value of the I/«renr and l.ortMilr. fonnuhi are U Ho, 0 3, 
i!,,i 0 J for nitrogen, oxygen, and carhoii dioxide respeftively, siuh 
.iiialious lying within the limits of experimental error. For 
Oriiiies and Gladstone and Dales formula tlie correjfponding per* 
variations are re8|)e<‘tively 11'3 ami S o for nitrogen, l!'7 and 
■ fur oxygen, and 1'4 and (t o for earhon dioxide. Tlie value of 
1) (/i= + 2)/; is 1997 x 10-, ISIoxlO-. and 3003x 10--' for 
tlT three gases respectively. 

These results show that the value calculated, by tlie Loren* and 
l.urviitz formula, for the index of refraction of a gas at any jmrti* 
:il»r density is more accurate than that obtainable by direct 
!;,»-,OHiirement. T. II. 1\ 

Fluoreeoenc© of Iodine Vapour Excited by Ultra-violet 
Light J. C. McLennan (/Voc. Uoy. Soc., 1914, Ll L 91, 23—29).--- 
Til*’ lliioresceuce spectrum of iodine vapnur, whicli was descriW 
;i( a previous paper (A., 1913, ii, 4.m). lias bwn further iiivesti- 
;Mlc'l. Olwervations on the effect 'd teiiijierature sluiw Uuit tlie 
“j*felrum is excited at all temperatures hetweeu that, of tlie r<KHU 
0 ; j bKM)°. In contrast with this, it is found that llie rewmanco 
• l■^^trllnl, excited by the yellow and green lines, is only obtained 
.u cumparatively low tcm|H‘ratures, No trace of this spectrum was 
I vTvod at 32(j°. 

The fluoresccMice spectrum is callcil fortli when the wavelength 
' f the exciting light falls between the. limits A 310(1 ami A IHOO. On 
other hand, the resonance spcidra cannot bo obtained when 
li;c iodine vapour is iI!uininat.<Ml by light from a mercury arc of 
I'.ive-length less than that of tlio green line A54GO. 

The investigation of a iiuml>er of iodine compounds has sliown 
liiit iodoform and mercuric iodide give a fluorescence spectrum 
contains the seven well-marked bands of the iodine fluores- 
"T.ce spectrum between A 3315 and A 3175. In addition to the 
^''■liiic lines, tlie mercuric iodide spectrum contains a number of 
specific bands which are absent from tlie iodine spectrum. 

ith potassium iodide, a fluorescence 8})ectrum is obtained whicli 
not show any of the iodine bauds. It consists of two sets of 

vou cvi. ii. 57 
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nnequally tpaccd fin* line* in ihe region* between xtO); 
X3340 and between A 3075 and A 2940. H. M B 

Tbeori** of Botationnl Optical Activity. G. H. Lnui 
{PlUt. Maf; 1914, [ril, 28, 746— 757).— A le^y to Bmhat nin 
rol.. ii, 695), in which the author maintain* that Drudc'* 
haa been ehown, botli directly and indirectly, to be incapal,!, , j 
explaining the known facU in regard to optical rotatory pow,-r 

H. M It 

Pbotolysia of Potaaaiam lodate. J. Howaid Maniiat u.| 
Hanar A. Cueti* {J. Phytical Chm., 1914, 18, 641— 652),_Xk« 

action 01 light of aliort wave-length has been investigatcil in ii,, 
decomposition of solutions of |ioUaaium iodate. Solutions 
0 l.l’-iKdaasium ioslate were placed in a quarti flask and kepi m , 
temperature of 30“ by allowing a stream of water at this ten.pr, 
ture to flow over them. Light from a mercury-vapour liiiij, 
allowed to fall on the flask, when iodine was liberated. Thcaruuu.M 
of iodine liljerateif was cstimatcil from time to time by lilriitc.r, 
with a 0 001. V .solution of potassium thiosulphate. The foilosn,, 
results were uhtained: (1) When the photolysis is carried out ii> 
the presence of air, the rate of the reaction slowly decreases ani, 
lime. {'!) Iwliiic is not lilierated when the solution is kept saturnei 
with oxygen in an atmosphere of oxygen. (3) t’arlwn dievide 
greatly increases tlic rate of photolysis; and (4) the rate of ]i|,„t., 
lysis of potassium ioslate in a solution kept saturated with larlic: 
dioxiile is linear when the amount of iotline liberated i.s wu.d.', 
compared with the total amount present in the iodate. It i.s tinrs 
fore not jiossihle in such circumstances to determine Die or.hr 
of the reaction. It is suggested that the photolysis occurs actordii;; 
to the scheme : 

KIOs -- K I -I ,10 : oKl + KlOj-r CCO., 1 311.0 = GKllCO, . 31 , , 
the lilieration of oxygon has been experimentally proved, hifi,; 
accelerates the reaction lielweeii potassium iodate, potassium ii.dcb 
niiil carbon dioxide, hut the reaction is very complex in the j,r,> 
eiico of light, and has not been qnanlitatively investigutcl. .V 
lecture experiment to demoustrale the photochemical activity -i 
light of short wave-lengths is described. To a solution of ii 1 rr ci 
of potassium iodate in .500 c.c. of water, 2 c.c. of a 1 solun : 
of potassium iodide and 2 c.c. of etarch solution are added. Or,' 
half of the solution is placed in a quartz flask, and tlie 
in a glasa flask. The flasks are placed at equal distances firm » 
quartz mcrctiry lamp, ami in a few seconds the solution in ll,' 
quartz flask turns blue, whilst the other remains quite colourlw. 

J. F. S 

Radioactivity of Some Colorado Springe. Hxreax Schli si>t 
(J. PhyMChtm., 1914, 18, 662— 666).— The activity of the |!t»i 
evolved by the water of a number of springs has been measiirfd t' 
means of a Machc-Mcyer foiitactoineter with an ionisation rli»nd« 
of 15 litres. The readings are taken from two to three iiiiiiuw 
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i/ter tb® introduction of tho gaa. The rcAulu aro oxprcaaod in 
Macho umU, and vary from 0 21 to 31 2 unila. Tlio ci.iivalenta 
io radium are calculated, and they vary irum 1 2x Itl >“ crmii to 
203 a 10'“ gram- The gases from three of the spriiiiii were leslasl 
for thorium eiuauatiou, but the reaulta were negative. Mention is 
BiaJe of the sinter deposit, round a group of riidioaetive spriii»s 
•mestigated by Heaildeu (A., 1905. li, 2); this .oiisisis alni.Ct 
tolirely of barium sulphate, wliieb «>iiUiiis 1 1 S v Ul iir.im of 
t»aiuia per gram; this corresponds with mvirlv U .3 ',. of uriinmni 
,n the natural mineral. j p' 

lontoutlon Potential of Morcury Vapour. K. II. NawuAn 
jPW. Utg-i 19U, [vi], 28, 753 — 756) — Kiperiuienls were mads to 
.letermiiio the smallest (loteiitial dilTereiice tliroiigh wliicli an 
electron must fall liefore it is able to ionise a iiioleciile of inerciirv 
liy collision. Working at 79'^, ifl which the vapour pressure of 
mercury is about 01 iiiiii.. the value ohtaiiied was fid volts. This 
jgrees closely with the -4 9 volts obtained by Franck aiui Hertz 
(llus vol., ii, 515). U j| |) 

Concentration Celle in lonUed Gaaes. W'. 11. Jkmkinsoh 
{Phi dfog., 1914, [vi], 28, 685 — 692). — Assuming that the passage 
..f electricity from metal to air is a plieiionicnoii which may 1 h> 
treated as tlieriiiodyiiamieally reversible, the polciilial dilTereiice at 
llif surface of contact should lie given by the foninila 
)r-/f7\2.r-l),s. log 

Ill which p is the ionic pressure of either kiinl of electricity in tlie 
air and /' is the ciiuivaleiit of the ' snliitioii pre.ssiire " for the 
metal, the ions of which are Iraiisferred. If two wires are in contact 
with regions of air, in which the ionic pre.«siires are and y/,, then 
mi the assumption that /’ is unaltered l.y the ionising agciicv, Hie 
iwo wires should form a eoiieeiilralioii cell, the A'..l/./'', of wliicli 
dioiild ho given hy A’ - /tT{‘lr - I )/c . log />„ 'y;,. 

A cell of this kind was constructed by coiiiiecling up two care 
lullv iiisiilateil cop|ier wires to a llolezalek eleclroiiieler iind expos 
sue one of the wires to the action of A’-rava or of t.he rays emitted 
hy r.iilniiii. In all cases, a deflexion was' gradually .set up. wliieli 
iiiliinately reached a steady value, and reversed its sign when the 
srlioii of the ionising agent was transferred from one elcctnsle to 
the lither. The uiiprotectod electrode was always found (o Ih> 
psitu'O with respect to the .sliiehled electrode. This iinlicatos that 
the positive ion must be the controlling agent in tlio inodiicfioii 
' I the difference of potential at the metal air surface. The results 
oiegest, in fact, that the negative ions take no part in tlio transfer 
I eleclricity across the surface. 

It is suggested that the presence of an occluded layer of gas in 
the ineUl surface is an essential feature in the production of this 
1 ereiue of potential, and that 1* represents tlio ionic pressure in 
IIS ts-cluded layer. According to this view, the transference of 
' IS ricily at the surface is effected by means of positively charged 
“'•‘OM- TTwr rs 
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DisthbQtioD of the Uolecolee of a Oas in a Field of Forc«, 
with AppUcationa to the Theory of ffleotrons. o. w 
Rkiususos (1‘ltit. Uoji., 1014, (vij, 28 , 633— 6t7).— The uuesti,!- , < 
the diitrihution of tlie molecule* of a perfect ga* in equilihriu:: 
a field of force ia discussed from the point of view of the qus.,; 
theory. Tlie theory is also apflied to thermo-electric pheiio;, . 
and to the Ihcrrniuiiic emission of electrons. 11. J) ], 

Electrical Reeistance of Pare Metale, etc. IX. Resuinme 
of Mercury, Tin, Cadmium, Constantin, and Manganin down 
to Temperaturee obtainable with liquid Hydrogen and with 
Liquid Helium at its Boiling Point. 11. Kamullsoh <i«xt. 
and (1. Holst {I’roe. K. Aiad. Wetinsch. Amltrdam, Pjll. 17 
.')08 oLl Compare this vol., ii, 163). Further inea8ureni( ;ii,, ; 
the resistance of solid mercury have Ijeeti made at lenipvi 
Iietwceu and the mcltino point (-3893°). The rti;., ■ 

the resistances of Inpiid and solid mercury at the meUiiio .. 
about ,"). I)ala arc also rccordtol showing the influence of 
Into on the rcsUUaco «t tin and cadmium between lo,'. 

of iron and copper Iietwceu -183'7° and 
I'omstantiu Iietwceu - lS'i'3° and -258'8°, of manganin tc'iin.:; 
lG'.i° and - and of gold lietwecn -182'3° and 

The resistonco of nmnganiii varies with the temperainre 1;, 
linear munner from the lowest oxygen temperatures ■losn i, 
helinni tcmporalurcs. The tompcraturccoefficient of cond .nfi!, 
which is extremely small down to oxygen temperatures, inii. ,v 
ciinsideralily in the region of hydrogen temperatures, lielwc.-n 1 1 
anil 20° (iibsolule) the relation between the resistance ami tim (. : 
perature is linear in character. It seems probable lhal i> 
also lie used for the measurement of tein|ieralurc3 lielow - '.’"o . 

H. M. Ii 

Couductivity of Certain Orgauic Acids iu Abeolute Ethyl 
Alcohol at 15’, 25°, and 35". fv P. Wkhituax, J. 1!. Wm-tu 
and Hashv C. Josk-s {J. dmer. Cktm. >Soc., 1914, 36, 2243— iJi.' — 
In ('(intinualion of earlier work on the conductivity of nr. 
acids (While and doiics, A.. 1910, ii, 13, 821; Wightiiiii! , . 
Jtmes. A., 1911, ii, 689; 1912, ii, 103.3; Smith and 
1913, ii, 747), measurements have lieen made of the condm liMiy ■ 
malonic, 0- and /schlorohcnroic, p-bromobenzoic, 0 - and pi,.:: 
benzoic, 3:4-diuitrobeiizoic, 3 ; 4-dihydroxybenzoic, and U'tr.ir!;! m 
plilhalic acids in ethyl alcohol at 15°, 25°, and 35°. 

The temperature-coefficients of conductivity are very Large, r.i:.; 
iiig from 15°i to 50%. The conductivity often shows a rajiid im r. 
witli increase in dilution, but o-chloro- and p-nitro-benzoic .l ei' 
lieliave in the opposite manner. The conductivities of org.imc .a ° 
in alcohol are exceedingly small as compared with those of (he sc » 
acids in aqueous solution, being in some cases several Inimlred im 'i 
smaller; this fact cannot at present be satisfactorily explaiiiel 
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SMiaitiv* Criterion of the Precision and of Constant Errors 
iQ the Conduotanoe Data of Weak Electrolytes, the Deter- 
loioation of the Itolar Conductance of Organic Electrolytes 
Zero Concentration, and a Study of the Correction for the 
gpeciflo Conductance of the Conductivity of Water, C. li. 
PiEica (/■ Amtr. CAaw. A>f.. 19U, 36, :’268— 2383). The 
,T,,!,<luctivity of a weak cleilrolvte at inliiiite ililiiliou 0.111 In- oalou- 
litoti from the expreiaion 

A, ■= AA,(fX - c,i,) (fX- - C|X,-), 

„iiore X and Xj represent the molar oonduclivitie.a at llio oonoon- 
iislioiis c and c^. Keiidall'a work 011 the oomluolivily of looiio iioid 
in .iqueous solution (T., I!)!'.’, 101 , 1283) imlU-aU's tlial iii'lu-. mid 
verv nearly obeys the ideal tiiasa law in tliia form, and (ho lalicr 
i„sv he us^ in the calculation of the molar conductivity of mctic 
mi l at rero concentration, the value of which is tcrnied the " calcu 
Ulc<l -V 

The molar conductivity at aero oonccnlratioii can la’ dclcniiim’il 
indp|endently by tho following " salt methotl " : 

i,K-CO,H = X„R'CO,Na + Xjl|r - \„Na^ . 

X comparison of the " calculnleil ' .X,, for weak tdectrolyU's, sncIi aa 
.iceiic acid, with that obtained for the same aeid by the (vill, nietliod 
afl.irils a means of detecting constant errors in rominctivity data. 
Kemlairs daU for acetic acid give llie value 3'J.S for tho “ ctilcu- 
Itlcil " *(,, whilst the salt method gives 388; it is therefore evident 
that, assuming the mobility of tlie hydrogen ion is 317 for aiieli 
weak electrolytes, some constant error is present in these data, 

(hi assuming the ideal inasa law to hold for (iMiisilion electro- 
ivies, and determining the values for " ealeiilateil " .v,, at dilTereiil 
i-eiicenlrations, a regularity was uhtained in (lie iiicriwwi of these 
V, lilies with decreasing concentration until a ma.viiiiiim ronsliinl 
v.iltie w,i8 reached at a concentration below which no deviations 
i-ould lie detected. This ma.\imum constant value for tho inoliir 
i-o!i(iuctivity of the electrolyte should obviously ho identical with 
till' v.-ilue obtained by the salt metluHl, and this is shown to lie the 
with the organic acids studied by Kendall (for. rif.). 

Tho value 347 for the mobility of the hydrogen ion at 25° as 
civeii by Kendall and others is probably accurate, at least for tho 
iraiisilioti electrolytes. 

It is shown that the “ calculated " ,\(, can be employed to deter- 
mine whether a correction for the specific cnndiictivily of the 
water iisevl in the dilution of the organic acid slioiild he applied to 
ilie conductivity data, the method being to calculate tlio values for 
calculated” X,, for tho corrected and the uncorrected data, and 
mnipare them with the value of Xg obtained by tho salt method. 
C'lnsideration of Kendall's results shows that no water correction 
rlimilil be applied to his data on transition electrolytes when tlio 
>j'(s'ific conductivity of the water is less than 0 9 x 10 ", since Ids 
uncorrected data give “calculated” .X„ values wliirli agrtw) with 
those obtained by the salt method with an accuracy greater Ilian 
0 1 i in tho dilute solutions. E. G. 
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The Lwwt ftttrg; B«qairMi to Btart • Qmmm hplogioa^ 
W. M, Tbomto* {Phil. Uof., 1914, [rij 28, 7S4— 7J8. Coisf*^ 
Ihu Tol., ii, 524).— A compariwn ha» tien nude of the 
etiergiee of the igniting hreak iparki of continuons and alteniii,.,j, 
curicnt wilii thoee of condenaer discharge between platinum 
The observations were made with gases containing about lo; ..j 
methane or coal-gas in admixture with air, and eMtodea of ir-,!, 
nickel, and copper were employed in the companson. 

At voltagee of 100 to 20O, the least igniting energy varies i:.,,., 

0 02 to 015 joule in the case of continuous current, whilst ti., 
corresponding numbers for alternating current vary from ii l , 

Oo joule. The energy-voltage curves seem to indicate that 
iluration of any least-igniting break-spark is inversely proporlimij! 
to its energy. The ignition is dependent on the nature of ii|. 
gaseous mixture and of the incandescent matter which is proj.^tH.i 
into it from the poles. In continuous current ignition, the nut-r:,: 
of the poles is the iniporlaiit factor, whereas the nature of tlie jj, 
is tlecisive in the case of ignition by alternating current diwh.ir;. 
The fact-s suggest that the ignition brought alioul bv low lretpien, y 
alternating discharge is thermal in origin, aud tliat some otli,t 
factor operates in the case of ignition by continuous curnni 
discharge. U- I' 

Ignition of Gases by Condeneer Discharge Sparka. W, .M 
Tiioiintox (/'roc, Roy. Soo., 1914, [d], 91, 17—22. Compare thisvol, 
ii, 521).- Kxperiments have been made to determine the i'-ast 
energy required for the ignition of explosive gas mixtures hv usi 
denser sjiarks between platinum poles at a potential differein-.- .1 
100 volts. The observations were made with methane, eth.in,'. 
propane, butane, carlwii monoxide, hydrogen sulphide, and livlt- 
gen mixed with air in varying proportions. The results are slman 
in the form of curves in which the capacity of the least igiuin.; 
condenser diicharge is plotted as a function of the composilion , i 
the gas mixture. These curves are not continuous, but so far .o 
those mi.xtures are concerned which contain a smaller proportion ■ i 
air than the most easily ignited mixture, they are characterised tv 
one or more breaks or steps which indicate a sudden cliange in 
the case of ignition when the gas mixture reaches a certain cuii; 
position. 

In the case of methane no ignition could be obtained when tli' 
mixture conUined less than 6-25% of this gas. From 6'25 to pi .y 
the energy of the least igniting apsrk remained constant at t ' 
microfarads, but at Il’o'li the necessary energy suddenly incre.i«d 
until Ifi microfarads were required for ignition. The mixture 
corresponding with the formation of carbon dioxide is thus pa!!"! 
through without any marked change; the mixture correspomln .• 
wifci» carbon monoxide is at 12%. At 13— 13'5% of metliait'’- 
40 microfarads were necessary for ignition, and in mixtures o i! 
taining a larger proportion of methane, ignition could noi 
brought about. 
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Th« iJeppwl ignition rurve hu boon foumi in all the gtte* 
^ployed in the experimeuU with the exi'eption of butene, and in 
this caae the ignition curve was not examiue^l except in a prelimin- 
jfv manner. 

The author suggests that the cause of tiie change in the resist 
ante to ignition is probably to be found in the circumstance that 
,|ien an atom of combustible gas is surrounded hv inolecides, with 
one or more of which it is eventually to combine! the difficulty of 
choiiw of any aingle partner is increased hy the siimiltaneous 
ittrsction of the others, and more energy must he supplied to set 
jj) a movement aufficiently violent for any pair to lie forced into 
■ contact.” In carbon monoxide the critical mixtures correspoud 
nilh 3, 6, and 9 molecules of carbon monoxide for one molei’uie of 
ojvgen. In methane the steps correspond wilh 3 arnl I imderuh'S 
of oxvgen to one molecule of methane, and in hydrogen the critical 
ntii* of hydrogen molecules to oxygen atoms are 1, ‘J, 3, ami 0. 

H. M. 1). 

Condaotivity of Extremely Dilute Acid end Alkali Solu- 
lions. H. H. Pains and G. T. K. Kvans {f*roc. Camh. Vhil, .s’oc., 
19 U, 18, 1—13. Compare Whctham and Paine, A,, 1908, 11, 803). 

- From measurements of the electrical condnctivity of very dilute 
solutions of sulphuric acid; it is found tiial the relation between 
the conductivity and the concentration of the acid corrcapomis with 
s straight lino provided that the concent ration is not less than 
ihoul 0 8x 10-® graiii.e(|uivalent per litre. Kor smaller quantities 
of aciil, the observed conductivity is greater than that which would 
airres|)oml with tlie straight line relation and the ileviation between 
the two values increases as the conccnlration falls. The condim- 
tivity of the water employed in the experiments, in whicli tho 
slsive limiting value of the acid concentration was obtainctl, was 
0 36 » 10 • mho. 

It is shown that the observations can be accounterl for in a aatis- 
faitory manner if it is assumed (hat the residual conductivity of 
the distilled water is mainly due to the presence of a earhonale, 
•iiid experiments made with a very dilute aolution of animonium 
carbonate, to which gradually increasing quantities of sulphuric 
and were added, support this view. 

According to Kohlrausch’s data, the conductivity concentration 
curve for dilute solutions of potassium hydroxide deviates from the 
•Iraight line at a higher concentration than that which is found for 
the aulphuric acid curve, but this is what wouhl Ire expected on 
the assumption that the impurity is ammonium carbonate. 

n. M. D. 

The Silver Voltameter. III. The Solvent Propertlee of 
Silver Nitrate Solutione. T. Maetik Lowbt (Proe. Roy. Soe., 1914, 
■f], 9l, 53 — 71. Compare Smith and Mather, Phil. Irant, 1908, 
M 207. 645; Smith and Lowry, iiW., 581).— Kxperiments have 
been made to determine the solubility of silver chloride, bromide. 
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iodide, and nilphide in concentraied aqueoua nlntiona of si: ,*; 
nitrate, and alao of ailver chloride in concentrated aolutioi., , : 
aodinm chloride and hydrochloric acid. 

The meaanrementa were made according to two different meth'.U 
which may be illustrated by reference to the solubility of t:;., ,, 
chloride in silver nitrate aolutiona Thoee at constant t^per^i:,,, 
were made by a gravimetric method, in which the weight of t;,., 
chloride precipiuted on the addition of a measured quauuty . ; 
sodium chloride was determined, and the quantity of diaaolvcii 
obtained by difference. The influence of temperature on the 
capacity of a solution of fixed concentration was aacertaiiu I | y 
adding a measured quantity of sodium chloride under such c : h 
tions that a Clear solution was obuined. The tube contaiiiini. tU 
hot solution was provided with a thermometer and ^irrer, and -ai, 
placed in a hot water-bath, the temperature of which was all ,*, i 
to fall slowly. At a certain point the solution became opal<->.,!,' 
in consequence of the separation of silver chloride, and this t-i!,, 
peralure was determined for a series of solutions. 

Stiver Chloriile. [with F. IUwkes, J. F. Potts, and H (; 
Parker].— The data for ‘iO® show that the quantity of mI.t 
chloride which is dissolved by 100 grams of silver nitrate ini rn-,., 
from 00294 gram for the solution AgNOjiH.O^l ;2 iin !„ 
0-1372 gram for the solution 2 : 1. Thft quantity of silver cld- ri !- 
dissolved by a given solution increases with the temperature, an i 
the temperature effect becomes more marked as the conceiitraii -u 
of the nitrate in the solution increases. The curve obtained l.y 
plotting the dissolveel silver chloride as a function of the teinj«r.t 
ture is convex to the temperature axis in the case of 1:2, cone.r,.' 
for 2 : 1 , and practically a straight line for the solution 1:1, 

The data for the solubility in chloride solutions refer to I;'), ^ v 
and 28% solutions of sodium chloride, and a 20% solution of livdr-, 
chloric acid. The solubility increases in all cases with ri^ ci 
temperature. 

Silver Bromide, Iodide^ njid Sidphide [with R. G. Parker] T::>- 
data for silver bromide show that the wlubility of this in ciin.-f!;, 
trated silver nitrate solutions is approximately three to four 
as great as that of the chloride. The solubility of silver iwlirle ns 
silver nitrate solutions has already been determined by Ib'd* .- 
(A., 1900, ii, 723), but some observations relative to the iiillio'!!'’ 
of tem|)eraturo on the solubility in a 25% solution are rei oril"i 
In this solution the solubility reaches a maximum at about 
It the solution saturated at this temperature is heated tn b« 
silver iodide is ])recipitated ; if allowed to cool, the solution b-o n - - 
cloudy at about 50°, and white needles of AgI,AgN 03 are rii-iu -.w 
If these are left in contact with the mother liquor at the ordn .uy 
tera|)erature, they are transformed into the doublesalt Agl.'d-ti'bJ' 
Roughly speaking, the iodide is about thirty times more s-hi 
than the bromide, and about 100 times more soluble than i ? 

chloride. , , ,,, 

Silver sulphide is less soluble in nitrate solutions tlian 
chloride. The black sulphide represents the stable solid phase n 
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coaUct with dilute nitrate solutions, but this is transform^ into 
(ho yallow double -salt Ag»S,AgXOj in contact with more conccn- 
trsiw Bolutions. 

The quantity of silver sulphido retained per llh) grams of silver 
nitrate increases with the temperature, and at UHh' amminla to 
0 1'06 gram for a 40'8% solution, and to 0 -43 gram for a solution 
(cutaitting 74% of silver nitrate. U. M. li. 

Current Potentials of Electrolyte Solutions. H, 1!. Kbuvt 
l/’rae. K. AIni- WtttnteA. AnuitrJam, I'JU, 17, 615— ll'33).— 
jleasurements have been made of the differences of potential which 
result from the movement of dilute solutions of electrolytsai tlirough 
, capillary tube. In the apparatus used by the author, this capil- 
lirv lube formed a connexion between two vivisels, in which wero 
suspended two silver electrodes covered with a layer of .silver 
cliloride. The solution was forced through the capillary at a 
cotiitant speed, and the difference of pnlential between the elec- 
trosles measured by the Poggendorff method. 

From e.Tperim6nta in which the solution was made to pass 
through the capillary at different rates, it was found that the differ- 
ence of potential is directly proportional to llie driving pressure. 

In order to ascertain the influence of (ho cation, olwervalions 
sere made with solutions of potassium, luu-inm, and aluminium 
liihirides. The curves obtained by plotting tlie potential (liffiTenc(\ 
against the concentration show that the addition of extremely small 
,|uantitie8 of these electrolytes to coiiduclivilv water reduees the 
pilential difference to a very marked extent. 'I'heinlluem-e increases 
verv considerably with the valency of the cation, and the addition 
cf it 8 a 10‘* mol, of aluminium chloride per litre is siifhcient to 
rciltice the potential difference from 0-3.5 volt lo zero. Further 
■idlilion of aluminium chloride changes the sign of the jiotenlial, 
which, after reaching a maximum of 0 13 volt, dimini.dies gradually 
as the concentration of the aluminium chloride is further iuereasesf. 

In the case of potasaium and barium chlorides no change in the 
sign of the potential difference was observed, although the concen- 
tration was increased to 10"’ mol. per litre for potassium chloride 
iiiid to 40 X 10“’ mol. per litre for barium chloride. 

Tlie difference of potential observed with conductivity water is 
attributed to the selective adsorption of Oil' ions by the glass, and 
the reduction of tljis on the addition of the electrolytes, to seledive 
-wisurplion of the respective cations. H, M. 1). 

Electric Charge and Limit Value of Colloida. H. II. Kiiuvt 
IProc. K. Akad. Wtlttitch. AmiUrdam, 1914, 17, 623 — 629).— The 
data nbtaiperi in measurements of the capillary electric potential 
for siilnlions of potassium chloride and barium chloride (compare 
precf-ding abstract) show the existence of a clcjoe connexion trcLween 
this phenomenon and the coagulation of colloidal particles by these 
flfx-trolyUs. II. M. D. 

Electrolytic Endoemose. Hoeack G. Byem and Cabi, II. 
Waitm (/. Aim. Chm. Soc., 1914, 36, 2284-229 1).-Eiperiments 
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arc dcccTibed which were carried out with a aimple toipartiU cty 
conning of two battery cupa, act about J inch apart in a batt<:tv 
jar. In each cup a platinum eiectrode waa placM, and an int^j 
mittent liphon, ao that any riae in the levet of the^ liquid 
cauie an overflow into a auitable graduated veiMl. The vti|.\ 
apparatua waa filled with the solution to be examined, and ti;» 
level of the liquid in the battery jar waa maintained durini; t),. 
experiment by adding more of the solution from a reservoir tbron^M, 
a dropping siphon. Experimenta were made with solutions Ij 
potassium permanganate, potassium perchlorate, sodium chlon i. 
copper sulphate, copper nitrate, sodium sulphate, borax, potassiut,, 
alum, and ferric chloride. Some experimenta were conducted with 
a cell with six compartments. 

The results show that endosmose ia capable of producing a (low . f 
electrolyte in the direction of the current, in the opposite directi..!., 
or in both directions simultaneously. In some cases the electroln, 
flows away from Imth electrodes, and also may flow more rapiiilv 
from one than to the other; in each case the volume in the mi hlii. 
compartment of a tripartite cell is increaseil. In a cell with six 
compartments the change in volume is not confinexi to the a)iijil,. 
and cathode compartments, hut varies in the other compart mciitx 
in an apparently erratic maimer. When clay membranes are u..,l, 
the cmlosmose is complicated by stenolysis. E. (!. 

Alternating Current Blectrolysie. JitAHMnaa Cnisnu 
Obosr (J. dmsr. Ckm. Soc., 1914, 36, 2333— 2346).— Le Blanc .md 
Schick (A., 1904, ii, 230) have expressed the view that eleclr'dvi.' 
hy means of an alternating current depends on the formation ot 
a complex ion, wliiLat llrocliet and Petit (A., 1904, ii, 229; Itt'O. 
ii, 672) consider that the presence of complex ions is not ne«-s,virv, 

but that the general condition for the formation of a new 

pound ia that the ion on reaching the electrode has had tiini' I i 
part with its charge before reversal produces the ion of 
charge at the sanle electrode. In connexion with this quest ion, tln' 
author has thouglit that as the electrode potential ia due to iIk' 
electrical double layer at tlie surface of separation between lti.> 
electrode and electrolyte, a study of the amount and direction m' 
variation of electrode potential might possibly elucidate the nature 
of the changes at the electrode surface. 

When ah alternating current is passed through cadmium m 
cadmium sulphate solution or through copper in copper 8nlph.)ie 
solution, no varistion in the electrode potential is produced. Tliev 
results indicate that only when there is such a change as wmiM 
alter definitely the chemical nature of the electrical double layer 
is its effect noticeable by measurements of the electrode potenti.ilr 

Experiments were also carried out to determine the changes in 
the electrode potentials in cells containing two platinum electrtxh' 
immersed in various electrolytes. On passing the aUeriiatiiij 
current, small variations in the were observed in all cases, 

but these were greatest in the case of acids, the amount of varia 
tion in this case being from 0 2 to O'i volt. It is evident, there 
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fore, tliAt on a poliahod plitiBum surfaco the chemical proceaa ia 
goi revenub.e, but.tiiat the ton has time to part with it* charge 
and fonn other more auble aubetauccs. Variations in t'.U.F. wwe 
,1» olMerved when mercury electrodes were employed, but thtwi 
were smaller fhan in the case of plaljimm and of a somewhat 
diSerent nature. When electrodes of platinum-black were used, the 
variation in electrode potential almost disappeare<l, and in no case 
ficeeded 0 015 volt, whence it is evident that there is not any 
ippitciable consumption of energy st the electrode surface, 

The effect of alternating currents on the single electrode poten- 
tials of combinations wbicli have an h.yf.F, of tbeir own was 
lovestigsted. In the case of cells coutaiiiiiig an electrode, consist- 
ing of a metal surroundeil by its iimdiible salts, such as the cell 
Zn ZdClj-HgCl-Hg, the effect of iiiipressiiig an alteriialiiig current 
IS 10 increase the amount of polarisation at the mercurv olectriHle, 
and necessarily to increase the amount of the polarising ciirrent 
wliioli the cell furnishes of itself. Several other types of cell were 
jIw studied, ' E. fj, 

Tharm*! Szpansion of Solutions of Qalatin in Water, 
AiiTBt'S A. SooTT (y, I'kutical Chm , 1914, 18. 677— 680),-Th6 
lueiricients of cubical e.vpansion of 2%. 6',,, ami lO'lj, solulioim of 
ffUiiu 111 water have been determined at teiiiiieraliires from O'" to 
lu . The solutions were sterilised with a little iiiercnric cliloriile, 
and tilled into a glass helix mad* from hit) cm, of tubing of 
iimturm bore. One cml of the tube was sealed, and a raoniscus 
|iri«luced at the other surface of the jelly by ]»uriiig in about 
1 rill, of petroleuiu. The apparatus was then placed in a llierino- 
•ul, and llie position of the ineiiiscus read by means of a micro- 
>.o|ie at every degree ehaiige in leuiperalure. The coefficieiit of 
pipanaion of a 5% jnHy increasingly negative to when it 
le>.-oinos less negative up to 7°, where it is positive; and 10% 
jdlies have positive coefficients over the whole range 0— -UP, which 
Pleadily increase as the tcmjierature rises. J, j', S. 

Vapour Freasurea in Ternary Syntome. W. P. Josissen 
(( lew. hedcbfadt 1914, 11, 964 — 972), — A critical summary of work 
jircviously published. A. J. W. 

Cryoeooplo Oonetant of Nitrobenzene. J. BOzsekek and J. A, 
h M. C. Viit CEB Eebden (Stc. trav. chim., 1914, 33, 301—316).— 
The authors have determined the cryoscopic constant of nitrobcii- 
rene used as solvent in molecular-weight determinations in the case 
Ilf aromatic hydrocarbons, their haloid and nitroKicrivativcs, phenols 
.ind some derivatives, aromatic acids and some derivatives, aliphatic 
alrnhols and some derivatives, aliphatic acids, aldehydes, ketones, 
acid anhydrides, and amines and aome derivatives. The nitro- 
h-enzene is purified by drying the commercial sample over calcium 
chloride, and distilling it wlien required; the determinations are 
isaile out of contact with moist air. The m. p, of (he nitrobenzene, 
thus prepared, is 5'60°, the value of the cryoscopic constant being 
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between 69 and 70. ThU aolvent can be need for HibeUnctt whi.i 
do not contain either a carboxyl or a hydroxyl group. In mt., 
benzene, acid* are more a»ociat«i than alcohols and phenols . r '> 
acids are asMciated at low concentrations, the association cliai,,:,,, 
but little with the concentration. Alcohols show an associa'.i ■, 
which increases rapidly with the concentration but dimmish.., 
Ihe molecular weight of the alcohol increasM, and is greatest : , 
primary alcohols ami least for tertiary alcohols of the e,.., 
molecular weight. The carbonyl and the hydroxyl groups h,„ 
each for itself an associating action much less than that hi ife 
carlioxyl group. In these respecte nitrobeniene is analogcu, 
benzene and naphtlialene as a solvent, the association, how. 
heiug generally less pronounced in the former than in the la.,t f*. 
solvents. *' 


Free Energy of Iodine Oomponnda. Gilbert N. Lewis itj 
Meele Baynau (/. Amtr. Chm. Soc., 1914, 36, 2259— 2266) -It, 
continuation of the study of free energy of chemical 
(l.«wis. A., 1913, ii, 112; I..«wi8 and Randall, this vol., ii, SoJi, i;,.. 
free energies of iodine and its compounds have been calciih.t. i 
from existing data. The following values (in calories) of the fr.. 
energy of formation (AF= 298) have been obtained ; iodine, 1 , 

0; 1 (liquid), 460; U (gas), 4640; I (gas), 16965; L (m aqu.. > 
solution), 3926; hydrogen iodide, HI (gas), 310; iodide ii.n, 1 
'- 12304; triiodide ion, V, -12216; hypoiodoM acid, IIlo 
aqueous solution), -23300; iodate ion, IO3', -32270, .K. 


The Values of the Critical Quantitiee in Case of Aseocia 
tion. J. ■!. VAN L«ab {Proe. K. Alutd. H’stonscA dowfardom, 1914, 17, 
598 -GOC)— A criticism of the conclusions arrived at by van i.r 
Waals (tliis vol., ii, 342, 538). It is shown that in the rase ot ;iri 
associated subsUnce, there is no linear relation betvveeii the as- 
ciatioii factor and the quantities 'J't pt and i-RTtpin- ; 

a relation does not liold even when association is not 

by a change of volume, and the deviations from it may lie leui a 
oreater when tlie association is attended by volume change^ 

® H. M. Ih 


Temperature-coefBolenta of the Free Surface Energy of 
Liquids between -80" and 1660". VII. Jbe Specific Sur 
face Energy of the Molten Haloids of the ^kah Met^ 
F. H. Jaeoer ((/’roc. A. Akad. WtUmteh. dmsisrdam, 1914, 17, 
rj55_„57i. Compare this vol., ii, 805, 806). The method, i 

in a previous pajier, has been applied to the measurement ni i) 
surface tension ot the molten fluorides and chlorides of lithn. 
smiium, poUssiuni, rubidium, and csesium, and the bromij 
iodides of sodium, potassium, rubidium, and cssium. , 

in most cases, tlie surface energy is a linear function o i..- 
temperature, the connexion between these quantities is for c 
salts more accurately given by the quadratic formula . 

X, = a+blt-l,) + e(t-t.)-, 
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In which the constant a represents the surfiice energy at the inelt- 
ijig point (c In general, the value of the iv>n.«tanl I is smaller for 
molten salts than for organic auhst.iiiees. but exceptions are met 
»ilh in lithium, sodium, and ruhidiuni lliiorides. 

The data show further that the teiiiiHT.rliire coelhcieiil h (or tlie 
iiaioids of the same alkali metal decreases in all e.ises willi iiiereaa- 
lie' atomic weight of the halogen. At a given temperature the 
-Lirface energy valnea for tlie series of salts formed in- the samt' 
iislegeu with the aeries of alkali metals, deereast-s witli increasing 
itoiiiic weight of the alkali metal. In the .same «av, the surface 
energy of the haloids of one ami the s.ime alkali iiietal ile'creases 
sitli inereasing atomic weiglit if the halogen if the comparison is 
made at a 'fixe<l temperature. 11. M. I'. 

Temperature ooefflcienta of the Free Surface Energy of 
Liquids at Temperaturee between 80' and 1650^. VIII, 
The Speciflo Surface Energy of Some Salts of the Alkali 
Metals. F. M. JatcitR (/’roe. h'. Ahil. iralenscl. dmalsci/um, 11114, 
17, ,’i71— 584. C'oni|iari' )ireia'ding alistradh- The surface tension 
cl iiiollcf. oxygen salts of the alkali metals Inis been measiiii'ii at. 
hUvrent tein]ierat tires. Data are recorded (or the siilpliaU's and 
nitrates of lithinm, sodinin, pota.ssium, riiliidiiini, and oa-sium. the 
iijclahorates of lithium, sodium, and pulassiiini. and the mnlydidates, 
tungstates, and melapliospliales of sialiiini and potassium. As in 
the case of the alkali tnelal haloids, tlie teiiiperatiirc coellicieiit is 
niiislaiit for a nmiilier of the oxy salls, but for others a i|n:idriilic 
furniiila is necessary to exjiress the relation between the surface 
energy and the leiti|>erature. 

At a given temperature the surface energy of a aeries of alkali 
metal s.rlts of the same acid decreases with increasing almiiic 
m ight of the alkali metal. An e.xeeptioii to this rule is i>reseiili'd 
by litliiuin nitrate, in that its surface energy ia les-s than that of 
"diuiii nitrate. If. M. D. 

Adsorption and Stabilisation. J. C. Bi.tciir.R ami E. F. 
Ks«ral'(/ l‘hyricalCliem., 1914, 18, 629— 640).— The Tarioiis theories 
ahull have lieen put forward to exjilaiii the pnn'es.s of dyeing are 
diMu.ssed, and it is shown that the adsorption tlienry coupled with 
It.iiiiToft’s theory of stabilisation of (he <lye, to explain the, jirocess 
cl ilyeing front colourless sointinns, is most nearly in accord with 
(acts. This theory (this vol,, ii, 250) slates lliat tlio filire Blaliilises 
tlie otherwise unstable substance which it lias adsorbed. Thus Idue 
cupric liydroxide when adsorlred by wool ia not converted into 
oxide by heating at 100°. A number of other instances are rpioled 
111 the paper, including the sLahilisation of blue cobalt liydroxido 
by cobalt sulphate and by nickel hydroxide, and of the red .iciil of 
Congo-re<l by aluminium hydroxide, A number of experiments 
are described on the etabilisatioii of cupric liydroxide. A number 
of tubes containing cupric hydroxide susjiended in water arc 
treated with small quantities of manganese sulphate, zinc sulphate, 
nickel sulphate, cobalt chloride, aluminium eulphatc, chromium 
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(ulphito, magOMium chloride, and mercnric diloride, and tu 
routurea h*at«l at 100°. The cupric hydroxide turm black it,,- 
rapidly when there liaa been no addition made, but with the exixi 
tion of mercuric chloride all the other substancee retard the iurn.V 
tion of cupric oxide to such an extent that no blackening c. , 
after heating for ten minutee. The fact that lilk ia not i 
by a solution of picric acid in beniene is considered, and the 
elusion reached that the apparent irreversibility in dyeirig .::j 
from Ijenzene solutions of picric acid is probably a question ,,i 
tautomerihn as well as of slowness of attainment of equilibriiui. 

J, F. 

lleoatmments of the Capillarity of Uqald Hydrogen. H. 
KiMEiLixoa Oauta and H. A. Kurrau (/‘roe. K. Akui. IKsinuet. 
AmUtrdam, 1914, 17, 52d— 532).— Mauunmenta of tba smf.i« 
tension of liquid hydrogen have Ireen made by the metlmd of 
lary rise. The corrected rise is a linear function of the teinj»-n 
ture for the interval examined. .Act-ording to the linear forinuli, 
the cajiillary rise should vanish at 35 98° (abs.). Since the entn mI 
temperature is 31'11° (abs.), it is evident that the formula lows- u. 
validity Iwfure the critical temiierature is reached. 

The surface tension decreases from 3'182 dynes per cm. at 1 1 1 ',". 
to 2 12G at 20'40° (aha.). The data yield 1’4M for the value of (in- 
temiierature-coeflicicnt of the molecular surface energy, whuii :! 
much lower than the average value for so-called normal suhstuin i-s 
It would seem that this coefficient decreases with fall in the crilicil 
temperature. 

According to the theory underlying Einstein’s formula (.1;,". 
I'hi/rik, 1911, liv|, 34, U'>5), it would seem that the radius of 
moiecular action for hydrogen is larger than for snbatancfs siii li .i. 
benzene. Jb It 

Molecular Kinetic Blemente of the Vapoure of Isomeric 
Oompounde. A. Pochxttiko (A'uoeo dm ., 1914, [vi], 8, ii, .I— 3<1) 
-•The author has determined, by Stefan's method, the coenicii-iili 
of diffusion, /), into air of the vapours of (1) the seric.s uf cslrr- 
studied by Meyer (A., 187.S, 3CS), Meyer and Schuraaiin (A., 1"1, 
004), and Wiukelniami (A.. 1885, 10; 1886, 11), and (2) var:''.i. 
other groups of structural and position isomerides. The reilmlii ii 
of the values of D to a common temperature was effected liy iiicaie 
of Sutherland's formula : 

in which c represents a constant characteristic of the pair of ga.M-s 
under consideration ; better concordance is obtained by this forniub 
than by the relation !),l lh-T,-IT^, deduced from the old kinetic 
theory of diffusion. From the values thus obtained, those of the 
mean path of the molecules, of <r, the diameter of the sphere y! 
molecular action, and of Q, the sura of the sectional areas of tlie 
spheres of action of the molecules in unit volume, have been calcu- 
lated. • 

As might bo foreseen, increase of the number of atoms m tne 
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of h(MuologoiU cottipouudi is accompaiilfd by dimiuotioo 
^ tho moAQ path of the separate molei'ules aitil by iucroase ia tho 
JiameUr of the sphere of action, lii the case of isonieric coni' 
pounds with normal, and therefore wjnal, vapour deusities, tlie 
molecule® of the vapour differ in the diameters of their spheree of 
action, iso^mpouuds giving lower values than those of noriual 
fttructure. This observation is relateil to the fait that, according 
10 van'l Hoff's hy[K>lhesi», the centres of tlie carbon atoms are 
aearer witli iso-compounds than witli norma) ones. In t)ie following 
terifs of isomeric compounds, the values of <r are in order of 
dimtuishil^ magnitude, whilst those of the propinrpiily of tlie 
carbon atoms, as judgeil from the steric fonmila*, are in order of 
^^ndtug magnitude: butyl alcohol, ixobiitv) oJihiIioI, etlivl ether, 
tninethylcarbiiiol ; jiropylbenicne, #Aopiopylb<‘rm*ne, mesitylene ; 
butvlamine, isobutylamiue, diethylainiue; Wniyl chloritle, o-, no, 
pciilorotoluenes; ethylU'iisene, m , pxylenes, \\'ilh isomeric 
v.-«jm|>eunds of tlie formula leaving aside the achis, ir is 

Miiallftt for that isomeride in which tho j>o5Jlion of the group 
C‘'()*C is such that tho two atomic itmiplexi'S ntiaclied to the 
two carbon atoms are most neariy similar; the aasm-iatimi of the 
scids in the liquid state seems to inlluence liie values of I. and ir. 

The increase iu the value of <r prndiiml by athlilion of a 
('ll. group varies with the molecular slnutiire of tlie origimil com- 
jwuml. With the acids its mean v.ilne is 112 x 10 \ and 

«ii!i tho isomeric esters 0T)6x 10 

Since tlie value of the coeflicient /» of van der Wimls' equation 
IS related to that of ir acix»r<ling to the equation I* • and 

,r sluJuM increase together in series of ismm-ric compounds, and 
(hU is found to hold in general, alfhougli exceptions do occur. 
Further, according to tlio Mossolti Clausius law, the fractional 
vulimie, i', actually occupied by the molecules of a gas is connected 
mill the dielectric cxinstant A', ami the index of refraction, n, for 
A-/, by tlie relation c- (A"- 1),(A' i 2) (m- • 1 ) 3 ; this method 
ui comparing the molecular dimensions agri'es with I lie values of «r 
in the case of otliyl formate and methyl acetate, but not in tliat of 
ethyl awlale ami methyl ^iropionate. 

The values of L given I)V tlie diffusion metlmd were compared, 
mr a mimber of the conqmumls investigated, witli those derivwl 
(rciMi measuremenU of the c(M?(licient-H of interna! friction of tho 
Vrijxjiirs. The agreement between the two series of values is not 
but the variation observed in passing from a compound to 
<*11 isfjTueric one is in the same direction, and approximately of the 
wme magnitude in the two series. 

Measurements of the thermal conductivity of the vapours of a 
number of the compounds sliow that, iu a group of isomeric com- 
fxjimds, the values of the conductivity aud of L increase together. 

T. If. V. 

Interpretation of the Indications of Atomic Structure Pre- 
B«Dted by Crystals 'when Interposed in the Path of A'-Rays. 
WiuiiM Ba«iow (i>r<ic. %. .A’oe., 1914, [i], 91, 1-16).-A 
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thftoretical pap«r in whicli it b ^own Uiat the future of 
tpecing. of the parallel planes of atomic centrea, aa indicated b? 
the behaviour of cryiUU towards .V rays, is more or ambtguoui. 

»,The arguments put forward show that an atomic system, arriiuor.i 
according to any one of the three space-lattices pcosesung cib-c 
symmetry, may be sub^ette<| to a certain kind of deformai. r, 
sufficient in amount to alter profoundly the nature of the arr^h^e 
ment, without any appreciable evidence of this deformation l>-ir.v. 
presented by the A'-ray data. So far as geoinetrical |> 08 sibiliiic!j 
concerned, a similar method of inodiifcation can be applied Im ; 
kinds of space-lattice arrangeinenU of alwos of whatever, ^syinnft-i, 
so as to produce from tliem poinLsystems which wmild havt« m 
effect on A’-rays practically indistinguishable from tiiat pro<iumi 
by tlie unmodified 8pac*'-lattice arrangements. Such modific.tti,,i„ 
of the spac^latl^ce or space-latlices leave the system of 
symmetry unaltered, but lower the class. The fact that hcimiu-iirv 
is in s^) many casea exhibited by the crystals of simple comp. ui i, 
may Imj regardful as an indication that tlie actual arrangeinrut ■ 
the atoms is of the less symmetrical kiml. 

In the case of a crystal of aodium chloride, the need fur jt : 
nnxUfication of the mwlcl described by W.L. Bragg \ 

88, 4*28) in sugge^ite<l by tlic fact that the arrangement dow iiui Iri.o 
itself to a distribution of the centres of the molecules in lium.. !,) 
with the crystal symmetry. If, however, the arrangement i f i!... 
atoms is one derive<I from the cubic space-lattice by apjir^'jiriit- 
deformations, the difficulty prescnteii by the crystal symimiry 
avoided. The suggested modification is not only in harmony \kiiu 
the results of A'-ray observations, but is in better agreemmit v.:!;, 
the following facts: (1) that the centres of the molecuhs lai- 
arranged according to cubic symmetry; (2) that the syiumctry :> 
not holohedivil, but hemiluvlral. like that of the actual crV'!..:-. 
f!l) that stalde e(|uilibriuni is indicated by the relation of *.u' 
centre to the centres surrounding it. 11, M 1' 

Rhythmical Precipitation of Ferrous Ferricyanide aod 
Ferrous Hydroxide ia Jelly. Heskt Jrrmain Mauhr Cheioutuh 
(J. dmer. dim. Soc., 1914,36, 2357-2360).-U8e.gang (A. 1'."^ 
ii, 273 ; 1907, ii, 533; this vol., ii, 631) and others have ; 

the Thytiimical precipitation of silver clmjinate and oUht m - 
in gelatin. Similar plienoniona have now been observed *.'■ 
feiTous ferricyanide and ferrous hydroxide. 

The experiments were carried out in a glass tube. 2 c’!!. 
diameter^ the ends of which were bent upwards at right arii:'.'*. 
The tubes were filled with 10% solution of agar-agar coiit.ai:iit::, 
one case, small quantities of potassium ferrocyanido ami ” 
chloride, and, in the other case, small quantities of phcno!pltth.^.|. ■ 
and sodium chloride. When the jelly had solidified, tbe viriAj 
arms of the tube’ were filled with dilute sodium chloride 
and an iron electrode, made from a clean wire nail, was 
the liquid in each arm. An electric current was tiieii 
through the jelly. In the case of the tube containing poU,^i'- 
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(^rrocyauifiCt bine liiyers or <lisk:i of terruui ferricyauitie wert» 
at iuttrvald, the iuterveuitig I'ontaiuing coiuurless 

-Uy. Tbe raU of production of theae disks aiui the distaiuc , 
^iwees them were noted. In the case of the tul*e coiuuinin^ 
ofafnolphtbalein, green disks of ferrous liydroside a}i])t*sred, sepa 
fsud frow one another by pink jelly. K G. 

pwtribatioQ of Colloidal Araanioua Sulphide Betwaau tbe 
fvu tti<ltii<I PhiBss in tbe Sydiem Water. Either, Alcohol. 
UtSRV P. ColtLiaa {J. (‘Ami., I;*U, 18, h,’'l 

biBodal curve and tie lines for the system water, ethyl ether, eihyl 
ikohol previously determined by Bonner (A., 1911, ii, 20) were 
re<ifterniine(-i, and the specihi. gravilv of solulions of known eoiu- 
pcsilioM on ibe biuodai curve were also deicruhned, The iinlluKi 
<!iipli,yed here is the same as that preA-imisiy adopted (/oc, nf,). 

\ graph has been constriKte<l whicli allows of the composition of 
rtus" one pair of solutions in eijujlihriuin Inking fouml by deter- 
niiiim' its specific gravity. A method of allowing for the eflect 
. f colhmtally dissolved arseiiious sulphide on Gm densities hiis been 
worked out and tested ex|K‘nmeiitalIy. It is shown that as regards 
li.e system water, ether, alcohol, the compositions at etpiililnium 
not atr-'Cled hy the presence of colloidal arwmic sulpliide. 
(’.Ii<!id.il solutions of arsenic sulphide containing alcohol and ether 
.«.rv more transparent, and are less readily coagulated by wilts ihati 
.vpi'-i'iis solutions, and the amounts of diflcreiit salts requircil to 
-.ki’iiUte them do not vary as much as in the case of water sois. 
Mluiioiis containing alcohol, ether, water, and arwmic sulphide 
indrfiio change on keeping; the amount of arsenic found in tin* 

• itfHte after coagulation with acid increa.ses, and the jjrnportion 
I u;iloid going into the upper layer on disiribntinn decreases 

(^u.iiitit,itive niea.'niremeiits of the distributioii of the ar.senic 

• iljihide between the two phases show that wiien oiio and tlio wune 

prc[>aralion is used, and the mmisurenients are carried out. 
i'ehr the s,iine conditions, tin* ratio of rlislrilndion varies continn- 
>i-!v with the composition of the phases, and that, other things 
'••nig etjual, the fraction of the arsenic sulphide going into the 
h'lver decreases wifli increase in the* concentration of lire 
•iilj'indo, d. F. S. 

Equilibria in Quaternary Systems, X. Quaternary Mix- 
tures with two Liquid Strata, and Quaternary Alloys of 
Sickel Copper-Gold-Silver. N. Pahbavano 1914. 44, 

e.. :T1) 3d9. Compare A.. 1913, ii, 763).— Six different, tyjies of 
lii^fern^ry systems are subjected to tlieoretical treatment, whifh 
f- ii'.'l adniit of Witisbictory abstraction. From the percentage 
^’; 0 |f,!t px'hihited by any one component, it is found possible to 
quantities of liquid and solid constituting a given 
mixture, and hence tho.se of the separate liquids and 
rnniposing the liquid and .solid mixtures, for any moment 
’-niig the solidification. In conjnnctioti with P. oK Ckm.miis, 
Mi/7.rTTf, and U. Pehret, the author has investigated the 
cvf. ii 58 
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teruary aud quaternary systems of Ni-Cu-Au-Ae, the rea ; 
obtained with the quaternary atloya being borne out uy thaw u,.., 
hy miLrograpuical examination. T. II. \\ 

Bquilibritun in the Syecem Merourio Iodide and AniisQ^ 

J. N. I’xiRtJK aud J. t^HY (/ {’ht/tital C'Atw., lUU, 18, 

— Tlje system mercuric iodide and aniline has been studied 
the lern|)eraturea of - U’W and 1991*^. The portion of the » u.-,,. 
below the melting point of aniline. -8^, is the freezing-point ■ 
of tike solution in equilibrium with solid aniline; at -11*48^, 
aniline iiud the compound ligL/iKiLPii separate out together < 
eutectic mixture. The soiuhilitv of mercuric iodide in aniiuu- }, ,, 
lie*-!! (leliTiiiined at a series oi lemjieratures between - ti 5 ;[. j 
lOl l ■ when tin* tt.-Uuwing values, expressed in grams of iin-r* ir:t 
iofli'le in lUO grams of Hiiiline, were obliined i -- b o'^, ‘JS 3 j ”! -. i.s 
1 D'-i', grams; lT -^\ grams; -TP, 47'5.j grams, : • 
S.V-tT grams; 30 I'-', 02'0;') grams; 36"2'^, 7;V80 grams; -129 , .t 

grams; 48'H'^, 128 1 grams-. 63 0"^, l‘j3'8 grams; 7U'82'^ Pi i ,m . 

7lj'2'‘, 20TO grams; Oj'O-", 240*7 grams; 1TV7^, 28TH 
Ki7'2'', 2Hri‘2 grama, IMTP, 297*9 grama; and 1991^, 803 ‘i iji ; 
Tlie soluhillty of the iodide im-reases rapidly up to U>>-. i;, t ^ 
in equilibrium witik a white, crysulline solid, IIgl„2N'Hd’lt, v 
melts at Tlie tem)icralure 468^ is a quadruple point 

(Igl^„ HgL,2NIT,Plt, solution and vajKJur are in e<}uilil)riu:;, • 
the solid phase is the red variety of mercuric iodide, hm 
the yellow iodide is formed, and a second quadruple point exi*i ^ 
alwut (his ttMn|>erature a greenish-yellow solid begins to !)♦* n m - i 
wiiieh has the composition Ifglj.Nfi.Ph. The various mU;, ! 
solutions were analysed by dissolving weighed quantitic'; ;’i . 
acetic acid solution of imtawinm iodide, and then prtripitaiir ..' t 
mercury with hydrogen suljdiide, filtering on a Guocii ct u ’ 
wasiiing witli water and absolute alcohol, drying atid reiniivii;: 
sulphur, ami finally heating at 70® until of constant weight {■ 
shown that mercury sulphide is decidedly volatile at tenip> i 
al)Ove 70®: for example, 0*6879 gram lost 0*0194 gram wIki! 
at 80® for three hours, whilst at 110® 2'307G grams hi^t ' ■ 
gratik in two hours. J K, > 

Influance of Some Substituents in the Benzene Nucleus > r. 
the Velocity of Reaction in the Svntbesis ol Bulphon^' 
H. C. J. OmviKR (Ree. trnv. rhim.. 1914, 33, 244— 2.)!) — I'mi j ■ ■ 
ukethod, slightly modified, already described for deteriiiiiu' : 
velocity of reaction of />bromobenzene3ulplumYl chi'ii i 
heuzeue and its mono-substituted derivatives in the • 
aliiminiuni chloride (this vtd . i, 818), the author has dt-t- t : 
tike efleci of replacing the bromine in p-bromobeiizencvhi' 
chloride by other substituents on the velocitv of its rea('li’ ii ■ 
benzene in the presence of aluminium chloride. Usini’ I 
aluminium clkloride for each mol. of acid chloride, the i ^ 
are all unimolecular, the constant of the reaction bein': ]r : 
tional to the concentration of the aluminium chloride intr -i- 
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The subsUluem groups. Cllj. II. I. Br. C), NO., (in the ni-( 
position), arranged here in the order of tlimiriisliiii^ vekvitv oo 
slant, have the same proportionate lullnerue whether iiitriKlia'i 
into the nucleus of the acid eJiloride or it the I'fiireiie. extr| 
(bat the inriuenee is in genera) greater in the I.itter l.im*. \V. 11, 

Catalytic Action. J. l>otts«KEs (/v..,- A'. Ak.J. Anhift 

dam, lyU, 17, 546 — 554),— lu the inoo, llm is A le-slatenieiit vt 1 h 
author's views on eaulysis, recorde<l in a j.revii»us ['iper (tins vol, 
ii, 654). An idea! catalyst is delined as a siihstame whuh ii a.t 
reciprocally with one of the substances which .tie to be rt'oilerei 
active in such a manner that tlie therimnlvn.uoie iioientiul mto 
cliemical rosistiince siinnltaneimsly appri'xi'iiiiii* to yeie. H, M M 


Inorganic Chemistry. 


Produotioo of Neon and Hdlium by tbe Electrical Dis- 
charge. J. NoBMAN CoLUr, llUItKKT S. pATTKMSiiS, ullil Ik\1.m: 

Ma!o>o> (Pfoe. Hoij. Soc., lilU, |.tj. 91, .'Id 16) — A ilcluleil hitiiimiV 
is given of the experimenta already published (T,, I'U:). 103, 111); 
{*,, 11)13, 39, ‘J33. I’TI), and also of the results oblaiutMi in new 
esfK'ritneiiU. For as yet unexplained reasons, many of llie.v.' 
exiicriineiits iiave yielded negative results. 

The apparatus used was partly of the tran.sfereiiw type, in 
which the gas (o Ih* exinnineil w«s transferred from one vessel U> 
anotliet liy means of a tula* Mlanding over mercury, and jmrtly of 
the non transferemM* ty|a*, in whieli the testing .'ippuratus could be 
plami in connexion with the experimental (ul>e by ojiening a taji. 

The hydroej-n was rem<*ved liv means of lienteill copper <ixide or 
I'V explo-»iitn willi (.xygeii ; in the latter rase, the oxygen waa 
removed l.y vabiirn potassium albiv or bv cliarcoril, ’I'iie resiilue 
WMS exaiMitied ill capillary (uIm's so line that tlie inercurv, on<’e 
atlmitled. nmld only la* withdrawn by strongly Iieiiling tho tubes. 

The Irast ‘piaiitrtv of neon detectable c»:rresponds with that in 
.1 few cijl’ic miJliiijelres of air. If this were due (o leakage, then 
dfire th** ratio of argon to neon in air is 7n() ; I, the argon shonM 
hav^ been readily detected and also probably some nilivgeii. 

Tlie main results nblainwl in positive cxjKuimentH are tin* follow- 
ing : .1. Tsing di-sch-arye tulucs of various kinds ami electrodes of 
inliadinm, copper, lead, thallium, lithium, sodium, and potassium, 
helium or neon was olitaiiied, ami in many experiineiils Imth gases 
were deUx'te<]. P Kxp(*rijnetil.s in which pTatimim, tlmllium, 
uranium, pota-ssium fliioride, chloride and iodide, rubidium cbloride 
oi‘l c,Tsinm rar)>onat^ were siil»jpct<K| |r, ImmbardnifMil bv rathoti" 
I »ys, gave helium and in wime ra.se9 neon. C. According to earlier 
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oUervationa o« lh« mercury arc, considerable ^uautities of helium 
and tiecm were ohtaine^i in this form of discitarge; but accordin*' 
to mere recent «x]>eriments it would seem that this may be due to 
diffusion of air through the silica walla cf the discharge tul)<^. 
Further work on the electrofleleu discharge has aUo shown that 
the conditions under which helium is prculuced are as yet net known 
witii certainty. 

It is to lie noticecl that, es^ieciatly in experiments falling under 
.1 and f', considerable quantities of hydrogen disappear during 
the passage of the discharge. 

In ail exuerimHnU, great precautions were taken to ensure the 
purity of the gaw-s us^. Although control experinients seem to 
eliminate the possihility ot air leakage, special experiments were 
made in which traces of air were admitted into the apparatus. 
•After running the discharge tube for some time under these con li- 
lions, it was found liiat nilrogen was absorbed hv the mercurv, hut 
that argon was left Ix-nind which could be reaflily detected in ih*- 
examination lube, and formed a very sensitive test for a leak A 
lurtlmr quantity of argon could lie obtained by heating the ehr 
trodcs. This test for argon is therefore extremely delicate as n 
means of detecting air leakage. 

Tlie negative re^^ults ohuined by Strutt (this vol., ii, 201 > an- 
altrihuted (1) to the use of too large a charcoal bulb whirli m.tv 
have resulted in the absorption of the neon produced, (2) to tlie 
luio of relatively wide capillary examining tubes, (3) to possible 
absorption by "jplashed” metal, (41 to the type of disciuii\'e 
which has .a considerable influence on tiie yield. 

In a former paper it has hwu shown tl>at the positive result* 
are not due to permeation of the glass. That tliey are not due t< 
lU’clusion has been shown by dissolving or melting the glass and tie- 
electrodes. wlien no lielium or neon was obtained. 

The authors draw no definite conclusion from (lie ohservati'-i • 
but thev oonsider that the trend of the results is towards con. ;;; 
siojts which, if true, would be of obvious im|>ortance. H. M. h 

The Ternary Systems Potassium [Potassium Hydroxide 
Phosphoric Acid Water and Ammonia-Phosphoric Acid 
Water. E 0, Parkeh(/ /*A//«iW l^U, 10, ‘ - 

'I’iip object of the work was to ascertain whether a stable rnn'i' 
of pota5.sium. ammonia, and phosphoric acid could be pn : . - 
with the purpose of thus obtaining a concentrated chemical :*r‘ 
iiser. The two above-mentione«l ternary syste.ms were 1h‘i'’ '' 
examined, Solutions of orthopliosplioric acid from r4 to 9’7i i- 
];er grams of solnlion were shaken at 25® with 

hydroxide of S'.56--Oi2 mols. per 1000 grams of soluli’ ti ; ’ 
pqiiilibrinm witli the existing solid phase wa.s s"t U]). The 
and solid jdmses were then analysed, and equilil>rium 
plotted. It is sliown that the solid phases stable in 
with the solutions are: KII..PO^,H^PO^; KlT.,PO, ; K l'‘\ 
K,VO,.3H..O; and KOH,'2U..O. Similar experiments were ' 
mil with ammonia 2'77- -14 0S mok per 1000 grama of 
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and phiispiioriv ai'id Uvty — 0-11 jn-r UKk) graujs of solution. 

*ihe solutions were treated! similarly, ami u is shown that tlie stable 
solid phases are ami 

The four-eoittponent system, imUsisiiim liy«{roxi<le. aninionia. jdiov 
phoric acid, and water was then iiivestijraitsl in the same w.sy, A 
solution coiilainiUji: all four substances was ilieii placed over sni 
pliuMC acid and allowed to remain tliere until u ieast‘d to lose 
weight, that is, until the pom! of lowest v.ipour jiressnre was 
reache«i. Th^ solid whidi had separate*.! ainl liie solution were thou 
‘analysed, the latter coniaiuinu I'Sl tiiols. Ml^. i t).’) mol.s, K. and 
3 9t) inols. of I’Oi per ltX)t) grams of sidnlion. The solid wa.-* 
shown by optieil examination to contain Klh.Pi^ and K^PO^, 
wjulst ammonia was r.tpidly evolved. It is sliown liiai to prodine' 
a stai'Ie compound of (he Ivfie de.sired, it will be luvess.iry t * 
e;jif»!o)' more acid solutions than those used lu-re, ,1. K. S. 

SiTjctural Changed in Industrial Brasses. PoititMco 
ItUstuiii.si td'iH. Chin. Applicat4t, lt»t4, 2, I54-ir»H). Dm Inao* 
parts uf incandescent gas burners were f.-niid to l>ect>nie very l^ittie, 
and. in some cases, to fracture spontaneously. Analysis r-'Vi’aled 
iio (liKiige in (he composition of (he brass, which contained lU’.V',, 
of ccipjxjr, 3o‘0% of line, 0’3 - 0 4“„ of lead, and traces of iron. 
Micrographical examination showed that tin* iiiajMiily of the s])eci- 
mens consisted solely of the homogeiieoiiH a.st lution. altiioiigii in 
a few instances traces of $• and ^-wdiitions were ob.aerved ; no sign 
of the |>olyhe<lraI structure notic^ in analogous cases was iletecl“d. 
After iho fragments of brass were reheated at “DO , tliey were 
found to have undergone a market! diminution in tlie siijierlici il 
lutrdness, such dirmniition varying from point to point of one and 
the vime fragment, Tliese effects are probably the result of, first, 
ihf mechanieal treatment, to whieli the metal ia 8ul>jerte<l durini; 
the ohnping of the parts, and, secondly, electrolytic netion due to 
the tulphur dioxide furmed during the roinbustioti of tiie gas aii<l 
to n * mtnre, In order to avoid the «»c.i]led ” Forrier Kranklieit , ' 
flint i.v (he forin.'itioii of internal tensions eauseil by the linaliiio 
of brass wliirli lias worked l«*low its final temperature of solidi 
!i<-iti' ji. t)]o metal dioiiM contain at least 70”,', of copper. Kvcii 
With s'lfli alloys. c/nDtist jiig •■iillrclv «d tin* aSf'hitjoii. trouble inav 
mriir unlew, after they have attaimvl (heir fin il shape, they an* 
rend»-red stable by siiitahle relieatiiiLV T. II. P. 

The System : Oopper Sulphate. Copper Chloride. Potaeeiurn 
Sulphate, PotAselum Chloride, and Water at 30^. F. A. H. 
ScMXHixiiisXKRS and fMifw) W. C. i»k BAATf/'roc. A'. dW. lyeUns h. 
.4m«^rt/afli. 1914. 17, 533 — ,545). — The corre'pondmg sy^teniK ^on- 
taimng ammonium am! wxliiim in place of potassium have been 
de«cril>ed in previous pa|)ers (A., ti. 403; 1911, ii. 592). In 
th*' pr»*^^nt r.iHe the solubility data indir,'ile that tlie solid pliaseK 
ocrorriiis at .30° are the simple salts K..SC,, KOI. t'nSO^,5H,p -iml 
Cfif'l.,2lLO, the double salts K.,SO,.ruSO,.fiH33. 

2Kri.f’u(1..2H.f). 
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and a salt corrfiponding with the foniiula KjSO,,CuCl, o 
2KCl,CuSO„ whieh unietimee eeperates in combination with on 
molecnle of water and at other timea in the anhrdroua condi 
tiori. The epatial model which eervea to repreaent the equilibriun 
relationahipa ia accordingly chiracteriaed by aeven surfaws o 
saturation, each one of which correaponda with one or other of thi 
above-mentioneri solids. In addition, it hai been found that i 
sulwtance of the composition 6KC't,2CuSO|,HjO sometimes separate) 
out as a inetastable phase. 

Data showing the composition of solutions saturate)! with res{>ect 
to one, two, and three solid phases are recorded in a series of 
tables. If. M. D. 

The Stokea Method for the Cetermiofttion of Pyrite and 
Marcaaite. R. T. AlLsaand J. I. ('bixsbaw (imn.J. Sei., 1914, 
[iv[, 38 , 371 -392).- Stokes’ method (A,, 1902, ii, 87) has been 
usefl in connexion with the authors’ work on the artificial pDsluc- 
tion of crystallise)! forms of iron sulphide (A., 1911, ii, 1093 ; 1912, 
ii, 3, it). The )letails of the method anil its limitations are here 
■staterl more fully. L. J. 

Effect of Temperature and Acidity in the Formation of 
, Marcaeite and 'Wurtzite. E. T, Atir.x and J. L. OazNsiiAs ; eiit, 
.Microscopic Study by II. E. JlcHwis (da,«r. J. Sci., 1914, fiv', 38 
393 •131).— The authors’ earlier results on the forniatinn ui ih.. 
unatalile forms (inarcasite and wurtzite respectively) of ir- ii 
«ul|iliiile and zinc sulphide (A., 1912, ii, 35t, 1055) have l.»ei! 
re-inve»lijate<l )in)l conhrmeii, and new data deteruiiiK-d. 

’ 1 ., . 1 , 

Constitution of Alumioatee. II. Edwabd U. .Mahi.x i,/, 
Amtr. Chm. Soc., 1914, 36, 2381— 2383),— The author criliriK) 
Bluin'.'i paper (A., 1913, ii, 9(13), and maintains the accuracy of il.e 
view )>x|)rcMeil by Mahin, Ingraham, and Stewart (A., 1913. ii, 
139) that tile solubility ol aluminium hydroxide in alkali hydrosid*' 
solutions is <lne rather to its colloidal properties than to the fiiriiKi 
tion of salts, E 


Oonslitution of Aluminatee. Wiztiau Btuu [J. Amtr. ' i'.i. 
Soe., 1914, 36, 2383— 23841.— In reply lo Mabin (prewiline aluiiai ' 
the author .'■dvances certain con.siderations in justification of to- 
conloition that definite aluminites of the composition M.Vn 
probably exi.st in aijiieous solution. Fo *' 


Behaviour of Ammonium Pboephomolybdate with Ammon- 
ium Hydrozide. Pui.ix IIiiiabi Sibcab U. Amtr. Chtm. Aoe-, 19U. 
36, 2372-2374).-Gibbs (A., 1884 , 660 , 713) has shown lh.it i 
solution of ammonium pliospliomoiybdate in ammonia, depo'it. 
crystals of the , impound 2(NH,)5POi,5MoO„7II.,0. 

It has now 1 owdound that when excess of solution of aniniom i 
(D 0'91) is adilei-ire; ’ , ammonium phosphomolybdate, heat :■ 
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t^veloped, aud a whit#, crysUiUiie hilf, is 

roduc#d, which gradually losw atiimoiiia If moi# dilute anunonia 
1) 0'92) is employed, a precipitate is nui ftirmed, but a 8oluti<'ii 
g, obtained which on evaporation yields crystals of t)ie cotninmml 
SU4)2Mo; 0;,3NH5; tlie salt descriWd bv Gibbs is but (icldom 
obtained. When ammonium phospliomolyKlate is irwited with a 
trge excess of strong solution of ammonia (_n 0 OOi, the crystalline 
.precipitate is first produced, and. on further addition <d amiuoma. 
iissclves to form a solution from whicli a gebitinous subst.iiue 
.<paratea; the latter row/jowm/, (KH,iaHP(\. is verv livt:rosc<»pii’ 
itiliiiary ammonium molvbilate was found to have the composition 
NH;i,Mo:0.4.-IH,0. ■ K. G. 


Hineralogical Chemistry. 


Rubidium Microcline. V. (, VkhnadsKI .l/tu., 

I’jl3. 36 , 258' -'i65. Compire A.. 1911. ii, 122), AmhIvsih of tin* 
bluish green microcline (Amazon-sloiie) from tin* IIiikmi Mountains,^ 
I'rala. sliowed the presence of 3 12".. lUU). corresponding with 
Iti'S9% of the silicate H^ALSi^;0,f. Spectroscopic examimiiion of 
urlhoclases from the neighbourhood of Mursiuka, tljiils, suggested 
(lie preaeiice of even larger amounts of rubhiiuin. The very fietjueuL 
presence of rubidium and ctvdum in p<iUKb-felsp;(rs ninl in micas 
accounts for the wide distribution of these elements in the earlii's 
crust and in sea-water. I-. .1. S, 

Seartesiie, a New Mioeral. Vahh S. Lahskn ami W. H. Hukh 
[din*r, J. Set., 1914, [iv], 38, 437 — 44(1). This new niinoiid was 
washed from a sample of clay from a lioring ul Searles liiiki*. S;tn 
IJcrn.inlino Co., California. It h.is the Juini nl Miiall, 
9piirrulit«*s, wliich are composed of radial fibres, the optical cliarac 
ler.s of which suggest monoclinic symmetry. Tlie mineral is rather 
Sell, and fusi's heiow re<i-hejit to a nearly clear glass. It is readily 
ilecoMiposed hy liydrcK-liIoric acid, ainl is appreciably soluble m 
water, The optica! constants show a gradimi change when tin* 
iiiateri.il is treated with acids. Analysis of the impure material 
gave I. and de<lucting CaCO.^ (present as culcite) 21‘fi3%, MkI'":, 
t) 4!‘V’, insoliiblo (quartz, felspar, chlorite, etc.), and hygroscopic 
water, these results are re-calmhited under 11 : 

^ „ tt-o. n./». 

".nj, Jljilj, Xi/l KjO. r.V> Mail. F«-0. ( (Ij, [Iisi>] 

I. 3l(i» 'IJPIJ 7 70 U'-|0 114 O'^S UTi fl 7» l'^K4 IMS J'Nil'H 

[I. .'.nil 16 2 .^ }-f7s 100 — In’ I-SO 037 OA? _ — [(itiOft 

The fwmiili Na._,0,R/)„4Si02,-IljO when wnlleii in the form 
N' iB(Si()..i,.lT,0 :h.jW3 an analogy to that of anaicile, 
.\aAl(i 5 i 03 ),„lI., 0 , . 

ilO 


I. ,1. S. 



; AMfUCTS or CHEXICAt rAiKn 

'% ‘TIm DMompodtion Prodooto of AliuoJaiiiiii-ooiuainiiii 
(Blowiw BoektTand Id PirtiooUr of tho httmitm of Madf 
gMiwr. A. Licioix (Compt. md., ItU, 169, 617-631 Cg«pi« 
ilnt. Huteiim, IBM, 6, *S5). — A «>mrAri-on et (bt r«| 
((HDutioof io MAdAgsKAr Aod Freodi Oumea, tod the chengr 
which thcM rocb undergo on weatheriiig. In MAdAgAAcer tin 
mr/AW of the lend u covered red eeitb,, end not by a rocki 
cruit, Although the latter ia viaible in placet. There it an abteuri 
of the tpeciariaAtion in the manner of weathering according to th 
nature of the original rock, which wet fonnd in Guinea. Th 
diabatee, batalta, and tyenites decompoae, giving gibbaitic lateritc) 
Total trAWforniatioB alio occnri, in lome caiea, into colloida 
aluninium silicate and colloidal aluminium hydroxide, this mod 
ef decomposition being seldom, if ever, found in Guinea. Th 
giieissc.s, mica-schists, and granites, forming the greater part of th 
central rock system, most frequently decompose, giving a mixtur 
of aluminium silicate and hydroxide. This is the change whiii 
occurs ill most of the red earthi. In one place bauxitic laterii 
was found comparable to that of the African rone of concretioi 
A further cliange, taking place at the expense of the granite an 
the pegmatite, yields a kaolin identical with that of temiieral 
climates, but .sometimes containing a little free aluminium hvdi 

e oxide and some colloidal aluminium silicate. A final method o 
rlecomposition, not observed in Guinea, consists in the produolio, 
of a gibbsitic laterite, comparable to that from the diabases, excep 
that the unattacked quartz remains, and owing to the extrein 
poverty in iron, or even its absence, these laterites are very ligli 
ill colour, and sometimes even quite white. A point worthy of in t 
is that the same rock, for example, pegmatite, undergoes differen 
methoils of decomposition at the same altitude and in localities onl 
a few kilometres apart and under similar conditions, N'o sati.sf.n 
fory e.vpiaiiation is at present given of Hiis difference. The antin' 
states that the red earths of Madagascar are improperly calh" 
laterites, and should rather be named latcritic clays. \V. 0. 

Hydrographical Chemistry. Relation Between the Differen 
Salts in Sea-Water. A. MAst;iii,u {Ann.Chim. Applicala, 1914, 
1.S2— l.n3).— The author gives a summary of the literature denlin 
with the saline coiiipositioii of sea-water and with the method 
suggested for calculating the total salinity from the proportion < 
one constituent ion, for example, clilorine. A de.scription is give 
of the work carried out by Sorensen (Mfm. Acad. Rni/, Sri, t.ri 
iJiiiiew/iri, 1902, [vi|, 12 . No. U- The statement made by varioii 
investigators that no constant relations exist between the propoi 
tions of the different constituents of sea-water has been coiitroveftc' 
by Ruppin (A,, 1911, ii, 123), who demonstrated, in particular, th 
constancy of the ratio, sulphate to chloride. Riippin examined onl 
two samples of water from the Mediterranean, and the author Im 
now extended the investigation to a luimber of other .saraph 
from the Mediterranean and Adriatic Seas, The mean value f 
the ratio IOOSO3 : Cl is found to be 11-614, the maximum diveri 
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tcf being tO W to -0029; fiuppin’s value is 11'59T. Wat«n 
near thc^ months of riven naturailv riiow varying valuM 
r ratio. ' T. H. P. 


Analytical Cbemistry. 


Weighing Burette. H. S. Bailiv (/ /»W. iinj, Vk$m., 11)14, 6, 
lli. A hurette fcr weighing out quriiitilics of siirh liquids as , 
ils, etc., consists' of a graduatnl glass tube liulthug about 30 c.c. ; 

It* top of the lube is clo.sed witli a stopper, and the lower cud is 
arrowed and then drawn out to a jet. This jet is closed by % glass 
xi which passes through a hole in the stopper and extends down 
le centre of the tube, the bottom of the cod being gruund into the 
;l. The lower narrow part of the lube is also gronml on its 
iterior, and tits into a small glass foot, so that the apparalus may 
ami on the balance pan. To <li.s<*liarge a portion of the eontents 
I the tul>e rhe latter is removed from the foot and the centre rml 
lised siiglilly. W.’V, S. 

Metboda for Extractiona by meanaof Immiacible Sulventa 
-om the Point of View of the Diatribuiion Coetficienta. 

[ J, W. Makden and Vahwa Kt,'ioTrf.A Ini IDl l. 6, 

DIM. Compare this vol.. ii. The <lis(riliutioii coeOi- 

leiils of a numlier of substances have been investigated with a 
iew to ascertaining the best conditions under which to make 
xlractions. It is shown tliat diloroform is a lietter Bnl)slance than 
iher for the extraction of-acoiiitine and codeine from their iKpieons 
tiiutions. Chloroform is also a better solvent for strychnine tlmn 
iixture.-: of chloroform and ether, whilst etlier answers well for the 
xlraclion of cocaine, Tiie distribution of citral between lemon 
il and 45% and 50% alcohol is discus.sed; the latter .strength of 
■ iiliol yields the better reauUa, since 90% of tlie citral is extractc(l 
hen 1 volume of tlie oil is shaken with Ifi volumes of 50% alcohol, 
rapid method has been devise<i for the extraction of inorpliine, 
ut a use of the distribution ratio is suggested in order to avoid 
I'oiitijiuod extractions. W. P. S. 

Method for Prepariog a Neutral Ammonium Citrate riolu- 

tir.n. J. M McCashless (,/. Iwi, AVy. IHU. 6, H'i! -9221.-- 

Tiie citric achl to lie employed is well mixed and ground, and a 
fighed portion of 0-35 gram is titrated with .V ■ lO-alkali hydroxide 
'"hition, using phenolpiulmleiii as the indicator; if tlie acid is 
pure and unefflorescefl, exactly 50 c.c. of the alkali solution will be 
cqiured. One thousand eight hundre<l and fifty grams of the pure 
■‘’id, or its equivalent in effloresced or impure acid, are then placed 
in a large stoppered bottle, dissolved in about 7 litres of water, and 
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a quantity of ammonia ia added in the ratio of I part by weight 
actual ammonia to 3765 parte of anhydrous citric acid. 1 
ammonia eolation added must be tiWated previoualy, oeing 
orange as indicator, and may be used in the form of tbt^^c 
trated solution or after dilution; in the latter case leas wata 
employed to diseolva the citric acid. The mixture is shaken ui 
any remaining citric acid ia dissolved, cooled, and dilated 
D 109, The volume of the resulting solution is about 10 li^ 
The accuracy of the solution may be confirmed bv the distillat 
method, by the method described by Patten and Marti (A., 1913, 
790), or by that of Eastman and Hildebrand (this vol., ii, 673). 

W. P. .S 

Aoonraoy of Neumnnn'n Method for the BstimutiQn 
Phoapborua. H. 8. UsLcao Waantaw (/ Jioy. Sue. iVsic Sv 
WaUSf 1914, 48, 73 — 93). — The lesultN obtained in the estimation 
phosphoric acid by Neumann's method (A., 1903, ii, 243; 1905, 
68) are always too high, the error increasing with the amount 
phosphate present. The application of the method to pure pi 
phates and to milks shows that when dealing with 22 mg. of pi 
phoric acid (P.Oj) the average error is + 4%. The error ia due to 
excess of molylsleiium carried down with the ammoniutn phos; 
molybdate precipitate; it does not depend on the rate ofjddit 
pf the precipitant or on the time of contact of the precipitate w 
tho mother liquor. To ensure complete precij)itation of the pi 
phoric acid, it is necessary to make the precipitation at 70—^ 
the error cannot tie eliminated by lowering the temperature, 
this leads to incomplete precipitation. W. P. .S 


Rapid and Accurate Method for the Eatimatinn of Carl 
in Iron and Its Alloys. Eknst Sz.iax (•/. W. Chtm. fed , 1914. 
994 — 997. Compare A., 1913, ii, 621). — The apparatus descri 
previously is iiicdified. An electrical crucible furnace is employ 
and the txrat enutaining the iron is placed in one end of a porcel 
tube which is open at Ixitli ends. This tube is surrounded b 
similar, slightly larger tube closed at the end which is placed 
the furnace; the sp.ace between the two tubes may contaii 
mixture of cobalt o.vide and firexilav. The outer ends of the tii 


are connected by a stuffing-box, and surrounded by a cooling jaci 
The oxygen is supplied to the outer end of the inner tube, anil 
combustion gases leave the apparatus by a side-tube on the or 
porcelain tube, and are conducted to the gas-measuring appara 
or to an absorption vt.sscl. Dilute sulphuric acid (1 : 10) is useii 
place of mercury in the gas-measuring burette. Both the met! 
and apparatus are patented. W. P. S 


Propertiee of Some Calcium and Magnesium Salts, i 
-their Bearing on the Quantitative Separation of these Met 

C. Bloicbebo IChm. 1914, 11, 1002— 1 0081— A critieise 

methods recommended for the separation of calcium and n 
neeium. The author condemns the method of ofysUllising mag! 
inm oxalate recommended bv 'Jannasc*- 'T~T*T ■ "• 
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i^od of Hefelmau aod of Richard*, the coid precipitation and 
be double precipiUtiou method* of Freaeniu*, and the metlnHi 
the solution of magnesium oxalate by addition of ext'es* 

dbiate- * A. J. W. 

Sftidd UeUiodft for Glue AotlytiB. K 0. bcuivait and W. C 
TLOt (/. /wf. Ung. Vfitoi., bU. 6, d97-8l»8)“A nieibod for the 
eJysia oi glass containing silica, load, sodium. |»otai*iuni, a^. 
lall quantities of iron, alumiiauw, calcium, and maguewunit 
Bsist* in decomposing the glass with hydrotJiioric acid, the 
;orido* in turn lieing deco«i|n>sed by oxalic acid. One gram of* 
a upwdcred glass is ireate'l with hydrniluoric acid and 'i grains 
oxalic acid, the mi.xuire is cviijMiraiAl to dryness* and lieateil 
f&ciently to expel the excess <»f l^xitllc .u ni ; this fYaporaiion with 
;alic acid (and water) is twice rrpfatcd. Tlic residue of oxalates 
treated with hot water, cooled, and tUtered ; the insoKilde |K)rtu)ii 
[nsiit* of lead oxalate, with t ir.ueof ciilcnnn oxahite. and the 
d may be estimated us siilplnUe. Tin- tiltrate fioiii the lead, 
ilatqii* evaporated to dryiic.ss. ihe iv'i lm- is igmied to deciiin 
le the oxalate*, dissolved in hvdri'clili'i u- mid. .md the Si)luiion 
ployed for the eatiiiiiHion of tlic bases. It*'arhciiic and imliiuony 
■ present, they must b« remnvwl from the s->luide oxalates by 
lalmenl with hydrogen sulpliide U-loiv the o.vulHieN are 


ed. - , » ^ 

11 the case of borosillcate Ldasy.s the hoik and mav he rstyii ileii 
die method describe.l by Wherry (A., mj. n. but imirusi 
[(hv results are oHuimvi when tin* g)a.H.-i also contains lejd aim ^ 
L' unless the method is moditied as follows: ('fi of llu' 
i-'S iS fused with 3 grams rd sodium c.irbmi Um tb*- mass is lieaU'd 
jh water and the solution rdtcr*d. Ao'uit ' '’f com-*-!iUi»tcd 

Lrcchlorio acid are added to tin- liltrato. ibo solution is Imated 
Tlioiling, and excess of calcium .ailioiiai.- is iiilrmlmo'd, Jiic 

* ' then continued a.s drscrilx‘<l by ^\b^•^ry. W.J - 


lulDhate Method for Stsodardieing a Magnesiutn Salt Sylu 
^ C. W. Fouls nn i 0. 11. Nwkkskv (J. .Imfr. I'luf. ■''oe., I . O, 
23g() 2372 ). — In tl'e course oi an invvsIiL'.nlinn int'i tlic 

I ifs of the discrepancies in the lesiills ol.laimsl in the I'^e'!"''*' 
„f magnesium as iriagiiesiiim ammonium pteisphn le bv .Wlei.o 
lio-ls and by different workers, study »'».• made of llu |.r. 
alion and standardisation of aaadntion ol a maguesiuiu salt. 

Id sample of magnesium ehlorulc. wliieh c.iNtaiNe.l srirluiui, wa 
aifieil by precipitating the magnesium a.s magnesium ai.iinoimiu, 
i «iiiate^(B% A., 1909. h. «l I. eoiiverling tlii.s into uiagiiesi im 
dSnde: and hea.hig .1. la.lm in a 
r.agen chloride. Weighed quaut.I.ea of the “ 

,m, chloride thus obtained were eouverle. ' ^ 

' irdcr to accomplish Ihir operation, a apecial for. " 
iiJevised which enables .r siihslalice lo lie healeil iii ,• i 1 1 
' tdtansferred to a weighing Hi: 

Six experimmts were „l, mined 

idrous ehloride into-lhe sulphate, ’and the re 









